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ü�«�w�Ó	Ô�~�«�¶
ƒ�-

�¾�V�^�•�h�Ï�”�Ü�Í� �Ó�w�¤�›�è�“�Ï�”�Ü�¼�ï�Ó�•�ú�o�’�•�”�{�\�w�Ï�”�Ü�Í� �Ó�x�z�·�Ó�»

�Ü�Ó
t�w�™�M�‘�“�<�v�x
‡�Ó
Q�.�p�K�”�ž�ç�Û�Ç�¢�Ü�p�V�o�M�”�U�z�f�•�‘�“	Í�v�x�§�Ó
Q�.

�p�K�”�µ�½�”�ç�p�p�V�o�M�”�{�\�•�x HRS �w�›	O�Ã�Ó
t�T�’�w�Ù�•�Ó	Ô�›	����`�z�{� �›�¬

�î�t�Ï�”�Ü�¼�ï�Ó�•��
ù�b�”�h�Š�p�K�”�{�·�Ó�»�Ü�Ó
t�º�p�x�\�w�Ï�”�Ü�Í� �Ó�›�z�í�>�w
Ú

�›�¬�œ�p�µ�½�”�ç
a�w�Ï�”�Ü�Í� �Ó�§�Ì�”�p
ô�M�Ó�>	����ó�—�›�ô�Š�o�M�”�{�^�’�t�f�w�†��

�t�x�Í�”�Ý�ï�´�á�”�ç�q�M�O�Ú��
X�› 2 �•
ƒ�”�`�o�M�”�{�Í�”�Ý�ï�´�á�”�ç�x Fe : Co = 1 : 1

�p�p�V�h�ù�Ú�¢ V �›
•�”�t
��ù�`�h
a
¼�‹�K�”�£�p�z�•�Ó�p�¢
z�•�Ó�p�x�7�G � 2 � 104�£�~�^

�è�Ó���µ�S�q�‹�t�.�‘�“�‹�G�V�X�z���•�h	����ó�—�›�Ë�m�{�Í�”�Ý�ï�´�á�”�ç�w�Ó�>�›
Q�t�m

�M�o�x 4.2 
…�p�™	\�b�”�{

�^�’�t�z
$ 4.5 �T�’�˜�T�”�‘�O�t�z�7���·�Ó�»�Ü�Ó
t�w�Ó�Ã�w
¯�Ø�x�˜�c�T�t�÷�Â�`�o�M�”�{

�\�•�x�Ó�—
¢�›�º���t�²�Z�z�Ï�”�Ü�å� �ï
Ç�Ù�•�w�Ó�—
¢�w	õ�Ö�›�w�Y�è�$�U�K�”�{�‡�h�z�\

�w�Ï���x�Ó�Ã���w�Ó	Ô�w�°�7
Q�›�-�m�è�$�‹�K�”�{�Ó�Ã	Í�Ø�x�z
+���Ø�t�0�`�o�Ï�”�Ü�<�v��

�t�²�T�l�o���ü�U�m�Z�’�•�o�S�“�z�·�Ó�»�Ü�Ó
t�Ö�±�p�x�Ó�Ã���:�U�±�X�z	Z�±�p�x�¿�X�s�l

�o�M�”�{�\�•�x�ž�«�·�Ó�»�ï�µ�›�¬�-�b�”�è�$�q�z	Í�v���w�Ó	Ô�›�§�X�`�{� �›� �²�`�•�b�X

�b�”�è�$�U�K�”�{

	Í	\�w�Ó�>	����;�Ï�U�r�w�‘�O�t�‡�M�o�M�”�w�T�›�¬�Ý�b�”�h�Š�t�z
‡	×�t���›�$�s�Þ�Ã

�ç�p�x�K�”�U�z 2 �Í�i
i�?	Ô�~
i�Ó	Ô�-�‰�¯�”�Å POISSON[51]�›�;�M�o�z�7���·�Ó�»�Ü�Ó
t

�…�Ø�t�S�Z�”�Ó�—
¢�w
ü
Í�›�-�‰�`�h�¢
$ 4.6�£�{ POISSON �-�‰�p�x�z 2 �Í�i���Ø�›�~�¯��

�Ý�¿�³�á�t�à
~�“�z���v�)
ü�O�t�‘�l�o�?�Ó	Ô�r
s�›�S�\�s�O�{�-�‰�w�A�L�z�Ó�Ã���w�Ó	Ô�x

� 1:2 � 104 gauss�p�K�”�°�M�z�Ï�”�Ü�Í� �Ó�º�w�Ó	Ô�x � 150 gauss�‡�p�ÿ�X�H�Q�’�o�M�”

�\�q�U�˜�T�l�h�{ 2 �Í�i�p�x
$ 4.6 �w�´�Ø�M�²�w�Ù�•�Ó	Ô�w�®�L�s�r�›�ß�€�t�Ö�•�s�M�h�Š
^

�S�w�‘�M�-�‰�q�x�M�Q�s�M�U�z	Í	\�w	����;�Ï�U�¬�î�t�‡�M�o�M�”�\�q�U�¬�Ý�p�V�”�{

4.1.2 �7���·�Ó�»�Ü�Ó
t�w�~��


²�ò�p	\�‚�h�7���·�Ó�»�Ü�Ó
t�› E12-15-008�î�g�;�t�~���b�”	Í�p�ß�€�b�‚�V�:�›�Ž�<�t�•

�[�”�{

ˆ 
ž�A�s�Ó	Ô�U�(�È�w�Ó�Ã�q�p�Ÿ�s�”

APEX �î�g�x�?� �~�E�?� �w�¤	ú�¯�S (5� )�z HRS �w
ƒ�”�¯�S (12:5� ) �x�(�È�q�‹�s�`

�M�{�`�h�U�l�o�7���·�Ó�»�Ü�Ó
t�w�^�”�Ó	Ô�x�z�Ï�”�Ü�å� �ï�t�0�`�o�(�È�0	¶�p�K

�”�{�°�M E12-15-008�î�g�p�x�z�á�ˆ�¶�$�t�„�Z�?� �q K + �¤��� �w�¤	ú�¯�S�x�(�È�p

�Ÿ�s�”�¢ 3.3.1 �ò�€	°�£�{�f�•�t� �a�o�z�~���™�w�·�Ó�»�Ü�Ó
t�x�Ó�Ã�U�(�È
‡�0	¶�s��

	Ý�›�`�o�M�s�Z�•�y�s�’�s�M�{

ˆ 
\
R�{� �w�¤	ú�á�ˆ�”�U APEX �î�g�w	Ô�ù�‘�“�‹�G�V�M


¯ 4.1 �‘�“�z APEX �î�g�p�����b�”�?� �~�E�?� �w�¤	ú�á�ˆ�”�x�7�G�p � 2:2 GeV=c
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$ 4.4: �7���·�Ó�»�Ü�Ó
t�w�Ó�>	����;�Ï�{�7���·�Ó�»�Ü�Ó
t�w 4 �m�w�¯� �ç�¢	–�£�w���t�x

�Ï�”�Ü�å� �ï�U�è�^�•�¢�(
$�£�z�Ó�>	����U�ª�^�•�o�M�”�¢�È	Í
$�£�{�È�<
$�x�f�w�…�Ø
$�›
¯

�b�{�Ï�”�Ü�å� �ï�x�µ�½�”�ç
a�w�Ï�”�Ü�Í� �Ó�q�Ï�”�Ü�Í� �Ó�§�Ì�”�p�Ë	O�t	����^�•�z�f�w

���t�x�í�>�w
Ú�U�K�”�{�f�w�Ž���t�x�z�ô�M�•�Ó�p�›�‹�m�Í�”�Ý�ï�´�á�”�ç�q�M�O�ù�Ú�p�p�V

�h
X�U
ƒ�”�^�•�o�M�”�{

�p�K�”�{�°�M�z E12-15-008�î�g�p�U	Z�b�”�„�Z�?� �w�¤	ú�á�ˆ�”�x � 3:03 GeV=c �p�z

�ÿ 1:5 
��G�V�M�h�Š�z
ž�A�s�Ó�Ã���Ó	Ô�x�G�V�X�s�”�{�`�h�U�l�o�z�Ó�Ã���:�›�±�X�`

�h�“�z�Ó�Ã�w��	Ý�›�!�Ë�b�”�s�r�w�»
É�U
ž�A�p�K�”�{

ˆ ���w
÷�”�q�w
ú�g�$�s�ï	¬�›
†�Z�”

APEX �î�g�q�f�‘�w�î�g�q�p�x�–�;�b�”�µ�Ö�«�Ä�é�Ý�”�»�w
Ê�ˆ�ù�˜�d�U�Ÿ�s�”	Í�t�z

�{� �w�U	Z�¯�S�‹�Ÿ�s�”�{�~���™�w�·�Ó�»�Ü�Ó
t�U�z�µ�Ö�«�Ä�é�Ý�”�»�•�Ï�”�Ü�å� �ï

�s�r�q
ú�g�$�t�ï	¬�`�s�M�‘�O�t�Ã�²� �ï�`�s�Z�•�y�s�’�s�M�{

ˆ �~���t�T�T�”
…�;�‹�ß�€�b�”

�a�ˆ�t�f�‘�U
a���`�h HKS �• HES(2.5.2, 2.5.3�ò�€	°�£�w�‘�O�t�z	ý�`�X�?�Ó
t�›�‹

�Ö�b�”�w�p�K�•�y�f�w�î�g�·�¿�Ä�ž�¿�Ó�t�7�&�s��	Ý�›�°�T�’
ƒ�-�b�”�w�U�l�‡�`�M�{

�`�T�`���s�x�'�‰�w
M�ÿ�‹�K�l�o�z�7���w�·�Ó�»�Ü�Ó
t�›�~���b�”�\�q�t�>���`�h�{�~

���t�T�T�”
…�;�x�z�°�T�’	ý�`�X�·�Ó�»�Ü�Ó
t�›
a���b�”	Ô�ù�t�T�T�”�P�‰
…�‘�“�‹�ÿ
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ü�«�w�Ó	Ô�~�«�¶
ƒ�-


$ 4.5: �7���·�Ó�»�Ü�Ó
t�w HRS-L ���w�Ó�Ã�{�Ï�”�Ü�å� �ï	Í�w�Ó	Ô	����S�‘�|�Ó�Ã���w�Ó

	Ô�w�°�7
Q�›�-�m�è�$�p�z�Ï�”�Ü	Í�v���x
¯�Ø�U�÷�Â�`�o�M�”�{�‡�h�z�ž�«�·�Ó�»�ï�µ�›�G�V

�X�`�m�m
ž�A�s Bdl �›�˜�”�h�Š�z�Ï�”�Ü	Í�v���¢ � z ���£�x�Ó�Ã���:�U�±�X�z�<�v���¢ + z ���£

�x�¿�X�s�”�‘�O�t
ƒ�-�^�•�o�M�”�{


$ 4.6: POISSON�-�‰�p�˜�’�•�h�7���·�Ó�»�Ü�Ó
t�…�Ø�w�Ó�—
¢
ü
Í�{�Ï�”�Ü�å� �ï	*�“�t

�ª�^�•�o�M�”�Ó�>	����;�Ï�¢
$ 4.4 �w�È�<
$�£�› 2 �Í�i�-�‰�p�x�K�”�U�6�q�`�h�{�Ï�”�Ü�Í

� �Ó�º�w�Ó	Ô�x � 150 gauss�q�s�“�z	*�%�w�Ó	Ô�q
z�±�`�o�‘�X	����p�V�o�M�”�\�q�U�˜�T

�”�{�‡�h�z�Ó�Ã
¯�Ø�t�x�y���w
~�•���ˆ�›�Ö�•�h�{�\�•�t�‘�l�o�Ó�—
¢�U�Ó�Ã�º���t�²�Z�’

�•�z�Ï�”�Ü�å� �ï
Ç�Ù�•�w	õ�Ö�›�˜�c�T�s�U�’
Í�­�p�V�o�M�”�{
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$ 4.7: �·�Ó�»�Ü�Ó
t
��”�w�“�æ
$�{�+	í�w�Õ�M���x�·�Ó�»�Ü�Ó
t�z HRS �›	O�Ã�Ó
t�z HKS �›

	O�Ã�Ó
t�f�•�g�•�w�î�®�Ó	Ô�¥�„�¢�Ù�•�Ó	Ô�›�Á�¹�`�h�q�V�w�Ó	Ô�U�!�˜�”�¥�„
¢�£�›
¯�b�{

E12-15-008�î�g�p�x APEX �î�g�q
z�‚�o�‘�“�™�M�w�{� �›�U	Z�b�”�h�Š
ª�$�›�·�Ó�»�Ü�Ó


t���t 20 cm �t�Ù�n�Z�”�{
ª�$�q�·�Ó�»�Ü�Ó
t�q�w���t�x�z
$�t�Ô�`�h
ª�$�½�£�ï�Ì�”�¢�Ú��

�x�‘���$�t 114 cm�q�`�h�£�z�³�”�Ò�µ�æ�¿�Ä�z�¯�æ�Ý�”�»�›
ƒ�”�b�”�{

�X�H�Q�s�Z�•�y�Š�¤�8�W�p�K�”�{�f�w�h�Š�z�7���·�Ó�»�Ü�Ó
t�t�–�˜�•�o�M�”�¯� �ç�s

�r�w�P�‰�x�z�p�V�”�i�Z�f�w�‡�‡�w���p	ý�`�M�·�Ó�»�Ü�Ó
t�t�b�;�b�”�‘�O�s�~���Š�U


ž�A�p�K�”�{

�Ž	Í�w�:�›�•�‡�Q�o�z�Ž�<�p�é�.�$�s�~���Š�›	\�‚�”�{


$ 4.7 �t�z�·�Ó�»�Ü�Ó
t�~ HRS�~ HKS �w�•�”�����w�“�æ
$�›�Ô�b�{
ª�$�x�z�Ï�”�Ü�å� �ï

�t�
�l�o HRS �w�Ð�Ø�¿�Ä�‘�“�‹�Ï�”�Ü	Í�v�t
ƒ�”�b�”�\�q�U�D�ó�p�K�”�¢ 3.3.5 �ò�€	°�£�{�™

	\�b�”�‘�O�t E12-15-008�î�g�p�x�‘�“�™�M (� ee0 = 7 � ) �w�„�Z�?� �›�U	Z�b�”�h�Š�z
ª�$�•

�”�› APEX �î�g�w	Ô�ù�‘�“�‹ 20 cm �„�r�·�Ó�»�Ü�Ó
t���t�Ù�n�Z�”�{�‡�h�z
ª�$�w�¼�=�z�{

� �w�¤�É�ç�ª�”���æ�›�H
M�b�”�è�$�p�z
ª�$�›	��“�“�‰�‘�O�t
��í�¾�V�`�h
ª�$�½�£�ï�Ì�”

�›
ƒ�”�b�”�{���s�w�Ã�²� �ï�p�x�z Hall A �t	×
ƒ�^�•�o�M�”
ª�$�½�£�ï�Ì�”�›�f�w�‡�‡�;�M

�”�\�q�›
Ý���`�z�Ú���› 114 cm�q�`�h�{�·�Ó�»�Ü�Ó
t�›
ª�$���t�Ù�n�Z�”�\�q�p�µ�Ö�«�Ä�é

�Ý�”�»�w�ž�«�·�Ó�»�ï�µ�U�G�V�X�s�”	Í�t�z�¤
÷�”�w
ú�g�$�s�ï	¬�›
†�Z�•�b�X�s�”�{�`�T

�`�z
ª�$�½�£�ï�Ì�”�q�·�Ó�»�Ü�Ó
t�q�w���t�x�z�o��
ù�æ�»�¢ 5.4 
…�€	°�£�±
Y�w�h�Š�w�³�”

�Ò�µ�æ�¿�Ä�q 5.4.3 �ò�p�™	\�b�”�¯�æ�Ý�”�»�›
ƒ�”�b�”�{�³�”�Ò�µ�æ�¿�Ä�~�¯�æ�Ý�”�»�x���™

�Ã�²� �ï�b�”
ž�A�U�K�”�{�f�w�h�Š���s�x�z�\�•�’�›
ƒ�”�b�”�µ�Ö�”�µ�›	G
ü�t�¬�-�`�o�·�Ó
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ü�«�w�Ó	Ô�~�«�¶
ƒ�-

�»�Ü�Ó
t�w�~���Ã�²� �ï�›�S�\�s�l�h�{

�M�‡�z�?�Y e�z�á�ˆ�” p �›�‹�m�Y�?�{� �U
��æ�M�²�t�0�`�o
(�Ú�s�Ó	Ô B �›�ò�a�z�é�”�è�ï

�À�—�t�‘�l�o�Â�p
R�� r �p���á�ˆ�›�b�”�q�>���b�”�q�z p; B; r �w���t�x�Ž�<�w�����Ü�U
R�“

�q�m :

B =[T] =
p =[GeV=c]

0:299793� r =[m]
: (4.1)

�h�i�`�z�«���› c = 2 :99793� 108 [m=s] �q�`�h�{�^�’�t�z�á�ˆ�” p �w�{� �U�°�7�Ó	Ô B �¤�›


��ˆ�z � [deg] �i�Z� �²�^�•�h�q�b�”�q�z�{� �w�J
{�t�
�l�h�Ó	Ô�w
¢
u
ü�¢�Ž�<�z Bdl �q�G

	\�£�x�z Z
Bdl =[T � m] =

2�
0:299793

� p =[GeV=c] �
� = [deg]

360� (4.2)

�q	{�Z�z�Â�p
R�� r �t�‘ �’ �s�M�{ APEX �î�g�p
Ý���^�•�o�M�”�?� �~�E�?� �w�7�G�á�ˆ

�”�t�0�`�o�Ü (4.2) �›�&�;�b�”�q�z�·�Ó�»�Ü�Ó
t�t�‘�l�o 7:5� �i�Z�{� �›� �²�b�”�w�p�z

Bdl ' 0:956 [T � m] �q�s�”�{�`�h�U�l�o�·�Ó�»�Ü�Ó
t�x�\�•�i�Z�w Bdl �›�a
R�p�V�”�‘�O�t


ƒ�-�^�•�o�M�”�{

E12-15-008�î�g�t�S�M�o�z�¤	ú�á�ˆ�” 3:03 GeV=c �w�„�Z�?� �›�\�w�·�Ó�»�Ü�Ó
t�p� �²

�b�”	Ô�ù�z� �²�¯ � SEP
e0 �w�7�G�‹�x�z�Ü (4.2) �‘�“ � SEP

e0 ' 5:4� �q�s�”�{ HRS �› 12:5� �w�¯�S

�t
ƒ�”�b�”	Ô�ù�z�\�w�q�V�w�?� �w�„�Z�¯�x � ee0 = 12:5 � � SEP
e0 ' 7:1� �q�s�”�{�î�M�t�x�~

���t�‘�l�o�7�G�Ó	Ô�U	–�^�X�s�”�D�ó
Q�U�K�”�U�z
²	\�w�‘�O�t�Ó�Ã���:�›�±�Š�”�s�r�w�»
É

�›�`�z�‰���S�w Bdl �›�è�¦�b�{�Ž	Í�‘�“�z�?� �w�„�Z�¯�› � ee0 = 7 � �z�·�Ó�»�Ü�Ó
t�t�‘�”� 

�²�¯�› � SEP
e0 = 5 :5� �q�`�h�{

3.3.1 �ò�p	\ �‚ �h�‘ �O�t �z�á�ˆ �¶�T�’ � ee0 = 7 � �t �0� �b�” K + �¤�� �  �w�¤	ú�¯ �S�x

� eK = 14 � �q
ƒ���`�h�{ K + �¤��� �w� �²�¯ � SEP
K �›�>���b�”�t�x�z�·�Ó�»�Ü�Ó
t�w�I�Ó�—�w

���t�‹�z HKS 
Ò�Ã�Ó
t�q�Ï�”�Ü�å� �ï�q�w�ï	¬�‹�ß�€�t�Ö�•�s�X�o�x�s�’�s�M�{�Ï�”�Ü�å� 

�ï�w�è�”�Ï�”�Ü�Í� �Ó�w� �^�‹�ß�€�`�z HKS 
Ò�Ã�Ó
t�q�Ï�”�Ü�å� �ï�q�x � 20 cm �w�(���›

�Ë�h�d�h�{�2�?�¶�$
M�ÿ�T�’�z K + �¤��� �w� �²�¯�› � SEP
K = 15 � �q�`�z HKS �w�Ï�”�Ü�å� �ï

�t�0�b�”
ƒ�”�¯�S�x � eK + � SEP
K = 29 � �q�>���`�h�{


¯ 4.3 �t�z�\�\�‡�p	\�‚�h�~���™�·�Ó�»�Ü�Ó
t�w�A�{
Q�ó�›�‡�q�Š�h�{ HKS ���w Bdl �x�7

���·�Ó�»�Ü�Ó
t�w Bdl �q�‰���S�w�h�Š�z	G
ü�a
R�`�˜�”�‹�p�K�”�{

�Ž	Í�›�•�‡�Q�h�·�Ó�»�Ü�Ó
t�w�~���Ã�²� �ï�›
$ 4.8 �t�Ô�b�{ APEX �î�g�p�����^�•�”�E

�?� �t
z�‚�z E12-15-008�î�g�p�x�‘�“�™�M�w K + �¤��� �›�U	Z�b�”�\�q�t�s�”�{ HKS �w�q�.

�¯�ž�«�·�Ó�»�ï�µ�›
M�v�`�s�M�‘�O�t�z HKS ���t	ý�h�t�.�P�›
Ç�Z�
�`�o�·�Ó�»�Ü�Ó
t�w�æ

�»�”�ï�ä�”�«�›���Õ�b�”�{�Ï�”�Ü�å� �ï	Í�w�Ó�>	����;�Ï�S�‘�|�¯� �ç�x�7���·�Ó�»�Ü�Ó
t�t

�–�˜�•�o�M�”�‹�w�›�f�w�‡�‡
ƒ�”�`�h�{�›�t HKS ���x�z APEX �î�g�q E12-15-008�î�g�q�p

�{� �w� �²�¯�U�G�V�X�Ÿ�s�”�h�Š�z�~���t�‘�l�o�Ó�Ã�w��	Ý�‹�G�V�X�!�˜�”�{���o�w�h�Š�z�\

�\�p�x HRS ���z HKS ���q�‹�t�Ó�Ã
¯�Ø�›���’�t�`�o�Ã�²� �ï�›�S�\�s�l�h�{�h�i�`�z HRS

���w�Ó�Ã�x�ž�«�·�Ó�»�ï�µ�• Bdl �w�Ì�å�ï�µ�›�ß�€�`�o�z�Ó�Ã���:�U�Ö�±�p�x�±�X�z	Z�±�p�x
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¯ 4.3: �~���™�·�Ó�»�Ü�Ó
t�w�A�{
Q�ó

HRS side HKS side

Central momentum 3:03 GeV=c 1:20 GeV=c

Central angle 7� 14�

Bending angle� SEP 5:5� 15�

Rotation radius 8:88 m 3:46 m

Path length 0:853 m 0:905 m

Integralated Bdl
R

Bdl 0:970 T � m 1:05 T � m


$ 4.8: �·�Ó�»�Ü�Ó
t�w�~���Ã�²� �ï�{�7���·�Ó�»�Ü�Ó
t�¢�(
$�£�q���s�Ã�²� �ï�`�h�~���™

�w�·�Ó�»�Ü�Ó
t�¢�È
$�£�›
Y�Ø�T�’�_�h
$�p�z�î�M�x 3 �Í�i�Þ�Ã�ç�p�K�”�{�7���·�Ó�»�Ü�Ó
t

�w�¯� �ç�x�f�w�‡�‡�–�;�b�”�{ E12-15-008�î�g�p�x 14� �q�‘�“�™�M�w�{� �›�U	Z�b�”�h�Š�z

HRS-R ���t	ý�h�t�.�P�›
Ç�Z�
�b�{�U	Z�b�”�{� �w�¯�S�~�á�ˆ�”�U�!�˜�”�h�Š�z�f�•�t�ù�˜

�d�h�Ó�Ã��	Ý�›�Ã�²� �ï�b�”
ž�A�U�K�”�{

�¿�X�s�”�‘�O�t
ƒ�-�`�h�{�Ó	Ô	����;�Ï�z�S�‘�|
$ 4.5 �w�‘�O�s
ó�v�s�Ó�Ã��	Ý�w�7�&�=�x�z

���™�w�Z�€�w�]�J�q�b�”�{

�\�\�‡�p�U�·�Ó�»�Ü�Ó
t�~���w�,�Š
ƒ�-�p�K�”�{�\�w�,�Š
ƒ�-�›�,�t�Ï�™�`�h�·�Ó�»�Ü�Ó
t

�Þ�Ã�ç�w 3 �Í�i�Ó	Ô�-�‰�›�S�\�s�M�z�Ó	Ô�Ú�¿�Ó�›�^
R�`�h�{�Í�t�z�·�Ó�»�Ü�Ó
t�~ HRS�~

HKS �b�‚�o�›���Š�h Geant4 �¯�”�Å	Í�t�\�w�Ó	Ô�Ú�¿�Ó�›
Ê�ˆ���ˆ�z�Þ�ï�Â�§�ç�é�³�Û�á�è�”

�³�ã�ï�›�S�\�s�l�h�{�\�w�»���›�z�Ó�Ã��	Ý�•�Ó�Ã���:�z�¯� �ç�t�v�b�?�v�z�·�Ó�»�Ü�Ó
t�w


ƒ�”�•�”�s�r�z�7�‘�s�‹�›�!�Q�o���“�&�`�z�µ�Ö�«�Ä�é�Ý�”�»�w�ž�«�·�Ó�»�ï�µ�•�á�ˆ�”�~�•

�”�~�¯�S
ü�r�ó�s�r�›
z�±�b�”�\�q�p�z�A�{
Q�ó�›�¬�h�b�·�Ó�»�Ü�Ó
t�w�~���Ã�²� �ï�›�¼�ˆ
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$ 4.9: OPERA-3D modeller 	Í�t�Ï�™�`�h�·�Ó�»�Ü�Ó
t�w 3 �Í�i�Þ�Ã�ç�{
$ 4.4 �t�Ô�`�h�Ó

�>	����;�Ï�‹�Ï�”�Ü�å� �ï	Í�t
ƒ�”�`�h�{

�h�{�Í
…�Ž�ñ�p�x�z�\�w�Z�€�p�˜�h�·�Ó�»�Ü�Ó
t�w�Þ�Ã�ç�›�«�t�z�\�•�’�°�È�w�»���t�m�M�o

�G	\�b�”�{

4.2 TOSCA �t�‘�” 3 �Í�i�Ó	Ô�-�‰

�^
R�`�h�~���™�·�Ó�»�Ü�Ó
t�w 3 �Í�i CAD �Þ�Ã�ç�¢
$ 4.8 �È
$�£�›�,�t�z OPERA-3D

(TOSCA) �›�;�M�o�z�·�Ó�»�Ü�Ó
t�U��
R�b�”�Ó	Ô
ü
Í�›�r
s�`�h�{ OPERA-3D[52] �x�z

Vector Fields �þ�¢�q�O�x COBHAM �¬�ç�”�Ó� �q�þ�£�U�‰
C�`�h�z���v�A
É�O�›�;�M�h 3 �Í

�i�?�Ó	Ô�r
s�Ó�é�¬�å�Ü�p�K�”�{ TOSCA �x�\�w�r
s�Ó�é�¬�å�Ü�t���‡�•�”�O�j�w�°�m�p�z
‡


¢���s
i�?	Ô�~
i�Ó	Ô�‹�{�O�\�q�w�p�V�”�r
s�Í�¿�­�”�´�p�K�”�{

�·�Ó�»�Ü�Ó
t�w�Ó	Ô�r
s�x�z�Ž�<�w	�	q�p�S�\�s�l�h�{

1. OPERA-3D modeller 	Í�p�w�·�Ó�»�Ü�Ó
t�Þ�Ã�ç�w���[

OPERA-3D modeller 	Í�p�z�¡�ˆ���œ�i 3 �Í�i CAD �Þ�Ã�ç�w�P�í�›���[�`�h�{
$ 4.9

�x�z modeller 	Í�p�Ï�™�`�h�·�Ó�»�Ü�Ó
t�Þ�Ã�ç�p�K�”�{
$�¤�t�Ô�`�h�¤�Ï
R�A
É�w�P

�í�›
¯ 4.4 �t�‡�q�Š�h * 1�{
$�¤�t�x�Ô�^�•�o�M�s�M�U�z�\�•�’�Ï
R�A
É�Ž�Ž�w�í���¢�Ï


R�A
É�‰�œ�w�:���‹���‰�£�x modeller 	Í�p AIR �¢
��í�£�q���[�`�z�™	\�b�”	G
ü�¿�X

���[�`�h�í���º
¶�.�w�Ó	Ô�› TOSCA �p�r
s�`�h�{ TOSCA �t�‘�”�Ó	Ô�r
s�›�S�\�s

* 1 �è	×�?�Ó
t�w�æ�»�”�ï�ä�”�«�~�Ó�Ã�t�x�•�Ó�p�›�G�V�X�b�”�h�Š�x
É�s�r�w
Æ	m
ú�U	—�s�M�.�¢�È�.�£�U�–�;

�^�•�”�{�°�M�Ï�”�Ü�Í� �Ó�s�r�t�–�˜�•�”�µ�½�”�ç�¢�ï�£�x�z�§�S�›�§�X�b�”�h�Š�x
É�›���X���œ�i�.�›�™�¯

�b�”�{�x
É�����p�w�§�M�t�‘�l�o�\�•�’�w�.�P�›�à���`�‘�“�q�î�$�s�Ó	Ô�-�‰�›�b�‚�V�i�U�z�Š�Z�€�p�x���o

�w�h�Š�z�r�j�’�‹�x
É�����p�w	–�^�M 1010 �µ�½�”�ç�¢�È�.�£�q�`�o�-�‰�›�S�\�s�l�h�{
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¯ 4.4: Opera-3D modeller	Í�p���[�`�h�·�Ó�»�Ü�Ó
t�w�¤�Ï
R�A
É�w�P�í�q�f�w B-H �Â
¢

Component Material B-H curve

Yoke Iron 1010 steel

Pole Iron 1010 steel

Beam pipe Steel 1010 steel

Beam pipe cover Steel 1010 steel

Permendur plate Permendur permendur


¯ 4.5: TOSCA �-�‰�w�M�t�>���`�h�¯� �ç�w�I�Ó�—

Coil Large Small

Magnetomotive force 73:8 kAT 41 kAT

Coil cross section 103� 120 mm2 72:38� 36:44 mm2

Current density 5:97 A=mm2 15:54 A=mm2

Coil turns 36 20

�O�h�Š�z�Ï�™�`�h 3 �Í�i�Þ�Ã�ç�›	–�^�s���v
c�“�w�A
É�¢�Ý�¿�³�á�£�t
ü�Â�`�h�{�Ï�”

�Ü�å� �ï
Ç�Ù�•�{� �w�è�a�b�”�Ó�Ã��
Ç�Ù�s�r�x
^�S�w�ô�M�Ó	Ô
ü
Í�›�˜�”�h�Š�t�‘�“

�I�T�M�Ý�¿�³�á�t
ü�Â�b�”
ž�A�U�K�”�{�`�T�`�z�›�t�Ó�>	����;�Ï�x�Ï���U
ó�v�s�h

�Š�z�I�T�s�Ý�¿�³�á�t
ü�Â�b�”�w�x
‡	×�t���É�p�K�l�h�{�Ý�¿�³�á
ü�Â�w�M�t�y�™�`�h

�:�t�m�M�o�x
Ç�å A �p	Ä�`�X	\�‚�”�{

2. TOSCA �t�‘�”���v�A
É�O�›�;�M�h 3 �Í�i�Ó	Ô�-�‰

	�	q 1. �p
ü�Â�`�h�Ý�¿�³�á�t�0�`�o�z TOSCA �›�;�M�o�Ú�«�µ�¢�£�ç�M���Ü�›�r�M�o

�Ó	Ô�›�-�‰�`�h�{
¯ 4.5 �t�z�-�‰�›�S�\�s�O�h�Š�t�>���`�h�·�Ó�»�Ü�Ó
t�w�¤�¯� �ç�w

�I�Ó�—�‡�q�Š�h�{�¯� �ç�¢�G�£�z�¯� �ç�¢	–�£�w�I�Ó�—�x
¯ 4.2 �p�Ô�`�h�z APEX �î�g

�p�–�;�^�•�”�7���·�Ó�»�Ü�Ó
t�w
ƒ���‹�q�‰�°�w�‹�›�>���`�h�{


$ 4.10, 4.11�t�z�>���`�h�µ�½�”�ç�z�Í�”�Ý�ï�´�á�”�ç�w�Ó�>�›
Q�›�Ô�b�{ 1010 �µ

�½�”�ç�¢
$ 4.10�£�x�x
É C �����p 0:10% �w�µ�½�”�ç�p�K�”�{�‡�h�z�Í�”�Ý�ï�´�á�”

�ç�¢
$ 4.11�£�x�. Fe 49%�z�¯�Ì�ç�Ä Co 49%�z�Ì�Æ�´�¢�Ü V 2% �w�ù�Ú�›�>���`�h�{

�•�Ó�p�x�Í�”�Ý�ï�´�á�”�ç�w�M�U 1010 �µ�½�”�ç�‘�“�‹ 10 
����S�G�V�M�\�q�U�˜�T

�”�{
$ 4.10, 4.11�t�Ô�^�•�h�Ã�”�»�:�w�Ó���µ�S�w�7�G�‹ Bmax �x�z 1010�µ�½�”�ç�U

B tenten
max = 2 :24 T�z�Í�”�Ý�ï�´�á�”�ç�U B permendur

max = 2 :26 T �p�K�”�{�\�•�›�Ò�Q�”�Ž


æ�Ó	ÔH �t�0�`�o�x�z�Ó���µ�S B �x TOSCA �º�p B-H �Â
¢�›�Ž
à�`�-�‰�^�•�”�{
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$ 4.10: TOSCA �-�‰�w�M�t�>���`�h 1010�µ�½�”�ç�w�Ó�>�›
Q�{�(
$�U B-H �Â
¢�z�È
$�U

� -H �Â
¢�p�K�”�{


$ 4.11: TOSCA �-�‰�w�M�t�>���`�h�Í�”�Ý�ï�´�á�”�ç�w�Ó�>�›
Q�{�(
$�U B-H �Â
¢�z�È
$

�U � -H �Â
¢�p�K�”�{


$ 4.12: OPERA-3D post processor	Í�p
¯�Ô�`�h�¤�Ï
R�A
É
¯�Ø�w�Ó���µ�S B�{�È
$�x�z�(


$�q�‰�a�¹�:�T�’ B > B tenten
max = 2 :24 T �q�`�o
³�h�`�h�‹�w�p�K�”�{�È
$�t
¯�Ô�^�•�o�M�”

�–�¬�x TOSCA �-�‰�p�>���`�h 1010�µ�½�”�ç�w�7�G�Ó���µ�S B tenten
max �›�Ò�Q�h�–�¬�p�K�”�{

HRS ���¢ + x ���£�w�¯� �ç
Ç�Ù�z�Ó�Ã�w�¤�¿�´�z�Í�”�Ý�ï�´�á�”�ç
X�w�%�“�t�„�_�^�•�”�{
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$ 4.13: TOSCA �-�‰�p�˜�’�•�h�Ï�”�Ü�å� �ï	Í�w�Ó	Ô�{

3. �r
s�A�L�› OPERA-3D post processor�p�¬�Ý

post processor	Í�p�x�z TOSCA �w�r
s�A�L�›�¹�®�$�t�¬�Ý�b�”�\�q�U�p�V�”�{
$

4.12 �t�z�·�Ó�»�Ü�Ó
t
¯�Ø�w�Ó���µ�S B 
ü
Í�›�Ô�b�{�È
$�x�z�(
$�q�‰�a�¹�:�T�’

B > B tenten
max �q�`�o
³�h�`�h�‹�w�p�K�”�{�È
$�p
¯�Ô�^�•�o�M�”�–�¬�x	Í	\�w Bmax �›

�Ò�Q�h�h�Š�z TOCSA �º�p�Ž
à�^�•�o�-�‰�^�•�o�M�”�{�›�t�z HRS ���¢ + x ���£�w�¯� 

�ç	*�%�z�Ó�Ã�•�æ�»�”�ï�ä�”�«�w�¤�¿�´�z�Í�”�Ý�ï�´�á�”�ç
X�p�f�w�‘�O�s�–�¬�U�„�_

�^�•�”�{ Bmax �›�Ò�Q�h�Ó���µ�S�x�z�q�î�$�s�-�‰�A�L�q�x�M�Q�s�M�{�`�T�`�\�w�ð�J

�:�x�z	ý�h�t�µ�½�”�ç�› HRS ���w�ä�”�«�t�9
€�`�h�“�¤�¿�´�›�^�’�t�Ø	��“�b�”�\�q

�p�z�r	«�p�V�”���S�p�K�”�q�ß�Q�’�•�”�{

�°�M�p�z���s�^
R�`�h�Þ�Ã�ç�p�x�z�·�Ó�»�Ü�Ó
t
ƒ�-�t�S�M�o	O�A�s�Ï�”�Ü�å� �ï	Í�w

�Ó�>	����;�Ï�¢ 4.1.1 �ò�€	°�£�w�®�L�U	G
ü�p�s�M�\�q�U
$ 4.13 �T�’�˜�T�”�{�Ï�”�Ü�å

� �ï�t�
�l�o�-�‰�`�h Bdl �x 11:4 T � cm �p�z�™	\�b�”�„�Z�?� �~ K + �¤��� �w�¤	ú�J

�“�t�S�Z�” Bdl �w 1=10 ���S�t�`�T	����p�V�o�M�s�M�{�\�•�x
$ 4.12 �T�’�˜�T�”�‘�O

�t�z�Í�”�Ý�ï�´�á�”�ç
X�U�^�è�`�z�Ï�”�Ü�å� �ï
Ç�Ù�t	õ�Ö�b�”�Ó�—
¢�›�ì
¶�t�u	)�p

�V�o�M�s�M�h�Š�i�q�ß�Q�’�•�”�{�7���·�Ó�»�Ü�Ó
t�w�‘�O�t � 10 gauss���S�‡�p�Ó	Ô

�›�H�Q�”�t�x�z�Í�”�Ý�ï�´�á�”�ç
X�›�G�V�X�`�h�“�z�Ó�Ã
¯�Ø�›�÷�Â�^�d�h�“�b�”�¢
$

4.4, 4.6�€	°�£
ž�A�U�K�”�{�\�•�t�x�å�C�b�”�P�‰�t�T�T�”
…�;�•�z�~���w�M�w�U	[�Ø

�‹�ß�€�t�Ö�•�s�Z�•�y�s�’�s�M�h�Š�z�~���›�•�W�b�”�'�À�q�‹���™�^�æ�›�b�”
ž�A�U�K

�”�{�Í�”�Ý�ï�´�á�”�ç�U�^�è�`�h�\�q�t�‘�”�Ó�Ã���–�¬�•�w�Ù�•�Ó	Ô�x�z�µ�Ö�«�Ä�é

�Ý�”�»�ž�«�·�Ó�»�ï�µ�º�w�„�Z�?� �~ K + �¤��� �w�J�“�›�!�Q�”�„�r�G�V�X�x�s�M�\�q

�U�˜�T�l�h�h�Š�z�Š�Z�€�p�x
$ 4.12 �w�·�Ó�»�Ü�Ó
t�Þ�Ã�ç�›�\�w�‡�‡�;�M�o�z�Ž�ñ�›

�G	\�b�”�{


$ 4.14 �t�z post processor	Í�p
\
R�`�h�{� �w�J�“�›�Ô�b�{�„�Z�?� �q K + �¤��� �w

�á�ˆ�”�x
¯ 4.3 �t�Ô�`�h�¤	ú�á�ˆ�”�t�{���`�z�Ï�”�Ü�à�¢
$�¤�w z �à�£�t�0�b�”�¯�S � �›

�!�=�^�d�o zx ���Ø�º�p
\
R�`�h�{ � �x�z�„�Z�?� �x�¤	ú�J�“ (7� ) �t�0�`�o � 30 mrad�z
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$ 4.14: OPERA-3D post processor	Í�p
\
R�`�h�{� �w�J
{�{�„�Z�?� �w�á�ˆ�”�x pe0 =

3:03 GeV=c�zK + �¤��� �w�á�ˆ�”�x pK = 1 :2 GeV=c�t�{���`�h�{�Ï�”�Ü�à�¢ z �à�£�q�w�s�b�¯

� �›�z�„�Z�?� �x 7� ; 7� � 1:7� (120� 30 mrad)�zK + �¤��� �x 14� ; 14� � 4:6� (244� 80 mrad)

�q�!�=�^�d�z zx ���Ø�º�p
\
R�`�h�{ � �w�Ÿ�s�”�{� �p�‹ Bdl �U�‰���S�q�s�”�‘�O�t�·�Ó�»�Ü

�Ó
t�w�™�M�t�Ó�Ã�›	ý�h�t�å�C�`�h�{

K + �¤��� �x�¤	ú�J�“ (14� ) �t�0�`�o � 80 mrad �q�!�=�^�d�h�{�·�Ó�»�Ü�Ó
t�™�M�w�Ó

�Ã (additional pole) �x�z � �w�Ÿ�s�”�{� �t�0�`�o Bdl �U�‰���S�t�s�”�‘�O�t
Ç�Z�
�`

�h�‹�w�p�K�”�{�\�O�b�”�\�q�p�·�Ó�»�Ü�Ó
t	Z�±�x x �M�²�¢�·�Ó�»�Ü�Ó
t�w dispersive

�M�²�£�w	)���^�;�›�Ë�m�h�Š�z�µ�Ö�«�Ä�é�Ý�”�»�w�ž�«�·�Ó�»�ï�µ�›�G�V�X�b�”�®�L�U

�8�4�p�V�”�{
Ç�Z�
�b�Ó�Ã�w��	Ý�x�z�µ�Ö�«�Ä�é�Ý�”�»
¶�.�p�w�{� �w	)���•�ž�«�·�Ó

�»�ï�µ�›�ß�€�`���™�7�&�=�›�S�\�s�O
ž�A�U�K�”�{


$ 4.15 �t�z�˜�’�•�h�Ó	Ô�í���¤�›�è�a�b�”�„�Z�?� �~ K + �¤��� �¢
$ 4.14 �p�Ô�`�h�¤

	ú�J�“�£�w
ˆ�æ�‘�m�q�Ó���µ�S�w y 
R
ü�¢	O�—�M�²
R
ü�£ By �q�w�����›�Ô�b�{�&�Ï�t

�
�l�h By �w
¢
u
ü�x�z�r�j�’�‹
¯ 4.3 �p�A�{�`�h Bdl �q�‰���S�p�K�”�\�q�U�˜�T�”�{

4. �-�‰�A�L�›�ž�µ�©�”�Ñ�•� �ç�t	Z�—

TOSCA �-�‰�t�‘�l�o�˜�’�•�h xyz �2
ª�q�f�w�:�t�S�Z�”�Ó���µ�S�Õ�«�Ä�ç�w�¤
R
ü

�›�z�Í
…�Ž�ñ�p	\�‚�” Geant4 �³�Û�á�è�”�³�ã�ï�p�–�;�b�”�h�Š�ž�µ�©�”�Ñ�•� �ç�t	Z

�—�`�h�{ TOSCA �-�‰�w�A�L�›	Z�—�`�h�–�¬�x�z
$ 4.16 �(
$�w�˜	í�w�Õ�M���›���Ø�z

�·�Ó�»�Ü�Ó
t�w�æ�»�”�ï�ä�”�«�w���:�›�ô�^�q�b�”�Ú�M�.�–�¬�p�K�”�{�È
$�p�Ô�`�h

10x mm � 5y mm � 10z mm �w�Ú�M�.�w�¤�Ö�:�p�w�Ã�”�»�:�›�ž�µ�©�”�Ñ�•� �ç�t	Z

�—�`�h�{�ž�µ�©�”�Ñ�•� �ç�w�0�”�x 670 MB �p�K�l�h�{ TOSCA �-�‰�A�L�›	Z�—�`�h
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$ 4.15: �~���™�·�Ó�»�Ü�Ó
t�º�›�è�a�`�h�„�Z�?� �~ K + �¤��� �w Bdl �{
ª�$�›�j�:�q�`�o
$

4.14 �¤�w�¤	ú�J�“�›�è�”�{� �w
ˆ�æ�‘�m l �›�#�à�t�z�·�Ó�»�Ü�Ó
t�w�^�”�Ó���µ�S�w y 
R
ü

�¢	O�—�M�²
R
ü�£�›	N�à�t�Ó�é�¿�Ä�`�h�{
¯ 4.3 �¤�t�‡�q�Š�h Bdl �q�‰���S�w Bdl �›�a
R�p�V

�o�M�”�{�s�S�z TOSCA �-�‰�A�L�›	Z�—�`�h�í���w
c�“�Ž�p�K�” l & 350 [cm]�p�x�Ã�”�»�:�U

�Á�M�{


$ 4.16: TOSCA �-�‰�A�L�w	Z�—�–�¬�q�Ã�”�»�:�w	Z�—���´�{�(
$�w�˜	í�w�Õ�M���›���Ø�q

�`�z�·�Ó�»�Ü�Ó
t�w�æ�»�”�ï�ä�”�«���:�›�ô�^�q�b�”�Ú�M�.�º
æ�w�–�¬�›	Z�—�`�h�{�ž�µ�©�”

�Ñ�•� �ç�t	Z�—�b�”�Ã�”�»�:�x 10x mm� 5y mm� 10z mm �w�Ú�M�.�¢�È
$�£�w�¤�Ö�:�q�`�h�{
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ü�«�w�Ó	Ô�~�«�¶
ƒ�-

�–�¬�‘�“�Ž���w�Ó���µ�S�x B . 0:01 T �p�K�”�{�>�t 1:2 GeV=c �w�{� �U B = 0 :01 T

�w�°�7�Ó	Ô�¤�› 1 m �è�a�`�h�q�b�”�q�z�Ü (4.2) �‘�“�z�{� �w�J�“�w�c�•�x � 2:5 mm

�q�s�”�{�\�•�x�z�ž�µ�©�”�Ñ�•� �ç�t	Z�—�`�h�Ã�”�»�:�w���´�‘�“�‹�y�X�z�³�Û�á�è�”

�³�ã�ï�w�-�‰
^�S�›�q�=�^�d�”�A�¼�q�x�s�’�s�M�q�M�Q�”�{

4.3 Geant4 �³�Û�á�è�”�³�ã�ï�¯�”�Å�w�Ï�™

�~���™�w�·�Ó�»�Ü�Ó
t�›�;�M�o�z 3.1 
…�p	\�‚�h E12-15-008�î�g�w�è�$�›�a
R�`�˜�”�T�›�^

�æ�b�”�h�Š�z�·�Ó�»�Ü�Ó
t�~ HRS�~HKS �b�‚�o�w
ú�í�•�Ó	Ô�›���‰ Geant4[53]�Þ�ï�Â�§�ç�é

�³�Û�á�è�”�³�ã�ï�¯�”�Å�›�Ï�™�`�h�{

4.3.1 Geant4 	Í�p�w�Ó	Ô�w���[

Geant4 	Í�p�x�í���w�¤�:�t�S�Z�”�Ó	Ô�›���[�b�”
ž�A�U�K�”�{
¯ 4.6 �t�z�·�Ó�»�Ü�Ó
t�S�‘

�| HRS�~ HKS �f�•�g�•�w
Ò�Ã�Ó
t�~�›	O�Ã�Ó
t�U�^�”�Ó	Ô�w�z Geant4 	Í�p�w���[�M�O�›�‡

�q�Š�h�{�H 3 �»�w�ò�è�w�™�¯�x�Ž�<�w�è�“�p�K�”�{

TOSCA �-�‰

4.2 
…�p	\�‚�h�·�Ó�»�Ü�Ó
t�w TOSCA �-�‰�q�‰�7�t�z HRS �w
Ò�Ã�Ó
t�‹�‡�h TOSCA

�-�‰�t�‘�l�o�˜�h�Ó	Ô
ü
Í�› Geant4 	Í�p���[�`�o�M�” [54]�{ Geant4 	Í�p�x�z TOSCA

�-�‰�w�A�L�›	Z�—�`�h�ž�µ�©�”�Ñ�•� �ç�›�¡�ˆ	��“�z�Ã�”�»�:�w���› 1 �Í��
:�p�4���b

�”�\�q�p�í��	Í�w�Ó	Ô�›���[�`�h�{

�C�{�¬�Ü

HRS �w�¤�›	O�Ã�Ó
t�w�Ó	Ô�x�&�g�$�t�˜�’�•�h�Ž�<�w�C�{�¬�Ü [55] �›�;�M�o�-�‰�`�h :

Bx = gy �
�
H (s) �

y2 + 3x2

12G2

d2H (s)
ds2

�
; (4.3)

By = gx �
�
H (s) �

x2 + 3y2

12G2

d2H (s)
ds2

�
; (4.4)

Bz = g �
xy
G

dH (s)
ds

; (4.5)

s =
z
G

; (4.6)

H (s) =
�
1 + exp

�
C0 + C1s + C2s2 + C3s3�� � 1

; (4.7)

C0 = � 0:9842; C1 = 6 :3375; C2 = � 3:5134; C3 = 0 :9895: (4.8)

�\�\�p�z xyz �2
ª�w�j�:�x�›	O�Ã�Ó
t�w�¤	ú�z z �M�²�x�{� �w
��æ�M�²�q���[�^�•�z G

�x�Ø�ž
R���z g �x�Ó	Ô�¯
��›
¯�b�{ HRS �›	O�Ã�Ó
t�w�Ø�ž
R���x
¯ 3.5 �t�Ô�`�o�K�”�{
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¯ 4.6: Geant4	Í�p�w�¤�?�Ó
t�w�Ó	Ô�q��	Ý�w���[

Spectrometer Magnet Magnetic �eld Geometry structure

| Septum TOSCA calc. Realistic

HRS Q1 Kato eq. Simple tube

Q2 Kato eq. Simple tube

Dipole TOSCA calc. Realistic

Q3 Kato eq. Simple tube

HKS Q1 TOSCA calc. + Measurement Realistic

Q2 TOSCA calc. + Measurement Realistic

Dipole TOSCA calc. + Measurement Realistic

�‡�h�z
ƒ���`�h�Ó	Ô�¯
� g �w�‹�t�m�M�o�x�z 4.3.3 �ò�p�™	\�b�”�{

TOSCA �-�‰ + ����

2000�å�E	s�„�t�f�‘�f�z�G�¬�ç�”�Ó�U HKS �›
a���`�h�M�t�z HKS �w
^�µ�Ó	Ô�����U

�•�”
Æ�¬�T�^ 200� m�z�¯�S
Æ�¬�T�^ 1 mrad �p�S�\�s�˜�•�h [49]�{�\�w�Ó	Ô�����p�˜

�’�•�h�Ó	Ô
ü
Í�›�;�M�o�z 2.5 
…�p	\�‚�h E01-011�î�g�z E05-115�î�g�t�S�M�o HKS

�U � 2 � 10� 4 (FWHM) �w�ô�á�ˆ�”
ü�r�ó�›�a
R�`�h�\�q�T�’�z�\�w�Ó	Ô
ü
Í�x	G
ü

�s
^�S�›���`�o�M�”�\�q�U�˜�T�”�{�Š�Z�€�p�Ï�™�`�h Geant4 �¯�”�Å�p�x�z HKS �w
Ò

�Ã�Ó
t�~�›	O�Ã�Ó
t�w�Ó	Ô
ü
Í�x�z�·�Ó�»�Ü�Ó
t�s�r�q�‰�7�t TOSCA �-�‰�›�,�t���[

�`�h�{�\�w TOSCA �-�‰�w
Y�`�^�x�z�����Ã�”�»�q
^�S�‘�X�°�•�`�o�M�”�\�q�T�’�-

	Ë�^�•�o�M�” [49]�{

4.3.2 Geant4 	Í�p�w
÷�”��	Ý�w���[

Geant4 	Í�p�x�?�Ó
t�s�r�w
÷�”�w��	Ý�x�z�Ú�M�.�•���ª�z�›�¯�ª�q�M�l�h
$���›
Ê�ˆ�ù�˜�d

�”�\�q�p���[�p�V�”�{�`�T�`�z Geant4 �å� �Ò�å�æ�t�x�\�w�‘�O�s�,�Š�$�s
$���›���[�b�”�h

�Š�w�«�å�µ�i�Z�`�T���™�^�•�o�S�’�c�z
$ 4.4 �• 4.5 �s�r�p�Ô�`�h
ó�v�s
÷�”�w��	Ý�›
¯�q�b

�”�\�q�x�p�V�s�M�{�f�\�p�z�·�Ó�»�Ü�Ó
t�Þ�Ã�ç�w�§�M�t�‘�”�ž�«�·�Ó�»�ï�µ�w�!�=�•�z�µ�Ö

�«�Ä�é�Ý�”�»�t���Ö�b�”�Ì�¿�«�¬�å�¢�ï�Å�{� �›�‘�“�q�î�$�t
°�A�b�”�h�Š�z
÷�”�w 3 �Í�i�Þ

�Ã�ç�› Geant4 	Í�p�f�w�‡�‡�¡�ˆ���‰�h�Š�w���¥�›�Ï�™�`�h�{�\�w	�	q�t�m�M�o�x
Ç�å B �p

	Ä�`�X	\�‚�”�{
¯ 4.6 �w�H 4 �»�p realistic �q
¯�G�`�h�?�Ó
t�w��	Ý�x�z
Ç�å B �t�G�`�h	�	q

�t�‘�“ Geant4 	Í�t���[�`�h�{�s�S�z HRS �w�¤�›	O�Ã�Ó
t�x�å� �·�ï�µ�w�����p
ƒ�-
$�›�Ö

	��p�V�s�T�l�h�h�Š�z Geant4 �å� �Ò�å�æ�t���™�^�•�h�«�å�µ�›�;�M�o�z�º���›�Ø�ž�Ú���q�`

�h�u	Ý�w��	Ý�q���[�`�h�{ Geant4 	Í�t�Ï�™�`�h
¶�.�w�î�g�·�¿�Ä�ž�¿�Ó�x�z 3.3 
…�w
$ 3.5 �t
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ü�«�w�Ó	Ô�~�«�¶
ƒ�-


$ 4.17: point-to-point 	)���w�“�æ
$�{
ª�$�p
\
R�^�•�‰�°�w�á�ˆ�”�›�‹�m�{� �x�z�µ�Ö�«�Ä

�é�Ý�”�»�w
Ò�Ã�Ó
t�~�›	O�Ã�Ó
t�t�‘�“�z�f�w
\
R�¯�S�t�‘�’�c�U	Z�Ø�¢�Š�î�g�p�x reference

plane�£�p�°�:�t	)���b�”�{�g
Ý�$�s point-to-point 	)���s�’�y�z�U	Z�Ø�p�w�{� �w�U	Z�•�”

�q
\
R�á�ˆ�”�q�t 1 �Í�w
ì���U�K�”�{

�7�t�Ô�`�o�K�”�{

4.3.3 �µ�Ö�«�Ä�é�Ý�”�»�p�w�{� �w	)��

HRS�~ HKS �w�¤�›	O�Ã�Ó
t�w�Ó	Ô�¯
��›�!�Q�”�q�z�µ�Ö�«�Ä�é�Ý�”�»�¤�›
��‰�{� 	B�‚�w	)

���~
C�„�^�;�U�!�˜�”�h�Š�z�U	Z�Ø�t�S�Z�”
þ�U�!�˜�”�{�a�ˆ�w (e; e0K + ) 
S� 
ü�«�î�g�w�‘

�O�t � p=p� 2 � 10� 4 (fWHM) �w�ô�á�ˆ�”
ü�r�ó�›�a
R�b�”�t�x�z�U	Z�Ø�t�j�•�O�r	¯�:�›

�ù�˜�d�z�U	Z�Ø�p�w�•�”�~�¯�S	Ø�C�q�{� �w�á�ˆ�”�q�t�ÿ�Í�w
ì���›�Ë�h�d�”�\�q�U	O�A�p�K

�”�{�f�‘�w�î�g�p�x�\�w�U	Z�Ø�›�z HRS�~ HKS �f�•�g�•�w 2 �F�w�Å�æ�Ñ�Ä�½�£�ï�Ì�”�w�¤��

�Ø�t���[�` (
$ 3.12, 3.14�€	° )�z reference plane�q	¶�`�o�M�”�{

refrence plane�p	¯�:�›�A�•�‘�O�t�¤�›	O�Ã�Ó
t�w�Ó	Ô�¯
��›�7�&�=�b�”�h�Š�z TRANS-

PORT �›�;�M�h�{ TRANSPORT[56] �q�x�z
i�Ó	Ô�¤�p�w�{� ��
ù�³�µ�Â�Ü�›
ƒ�-�b�”�h�Š

�t�‰
C�^�•�h�z 1 �Í�‡�h�x 2 �Í�w��
ù�æ�»�¢ 5.4.2 �ò�€	°�£�-�‰�Ó�é�¬�å�Ü�p�K�”�{ TRANS-

PORT �-�‰�t
ž�A�s�ž�µ�©�”�Ñ�•� �ç�x input card �q�z�y�•�z�{� �w�J
{�t�
�l�h�?�Ó
t

�w�•�”�•�Ó	Ô�s�r�w	Ø�C�t�C�Q�z�U	Z�Ø�p�{� 	B�‚�›�r�w�‘�O�t	)���^�d�”�T�›�G	\�b�”�{

TRANSPORT �-�‰�p�x�\�w	)��	Ú�E�t	H�l�o
Æ���Í�å�Ý�”�»�¢���s�x�¤�›	O�Ã�Ó
t�w�Ó	Ô�¯


��£�w�7�&�=�›�S�\�s�O�{�Š�Z�€�p�x�z
+���M�²�~���Ú�M�²�q�‹�t reference plane�t�S�M�o

point-to-point �p�{� 	B�‚�›	)���^�d�”�‘�O�t	Ú�E�›�]�`�h�{ point-to-point �q�x�z�‰�°�á�ˆ

�”�w�{� �U�¯�S�t�‘�’�c�U	Z�Ø�t�S�M�o�°�:�t	)���b�”�7� �›�M�O�¢
$ 4.17�£�{�Š�Z�€�p�^
R

�`�h HRS�~ HKS �f�•�g�•�w input card �x
Ç�å C �t�Ô�b�{


¯ 4.7 �t�z TRANSPORT �-�‰�p�˜�’�•�h�z�¤�›	O�Ã�Ó
t�w�Ó	Ô�¯
��›�Ô�b�{�Ï�™�`�h

Geant4 �¯�”�Å	Í�p�{� �U point-to-point �p	)���`�o�M�”�T�›�¬�Ý�b�”�h�Š�z�\�w�Ó	Ô�¯


��w�‹�›�z 4.3.1 �ò�p	\�‚�h�‘�O�t�`�o Geant4 	Í�p���[�`�h�{
$ 4.18 �t�z Geant4 �³�Û�á

�è�”�³�ã�ï�t�‘�“�˜�’�•�h�z�{� �w	)���w�7� �›�Ô�b�{
$ 4.17 �w�‘�O�t�z�\�•�’�w���Ø�º
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$ 4.18: �{� �w	)���w�7� �{�(
$�x HRS�z�È
$�x HKS �w�Å�æ�Ñ�Ä�½�£�ï�Ì�”�Ù�c�›
¯�b�{�¤

�2
ª�%�x
$ 3.12, 3.14�p���[�`�h�{�„�Z�?� �¢ K + �¤��� �£�›�z�á�ˆ�”�›�¤	ú�á�ˆ�”�t�0�`�o

1% (2%) �c�m�!�Q�z�f�•�g�•�w�á�ˆ�”�]�q�t���Ú�M�²�¢
+���M�²�£�w�¯�S�›�µ�Ö�«�Ä�é�Ý�”�»

�w�ž�«�·�Ó�»�ï�µ�º�p�!�Q�o
\
R�`�h�{�f�•�g�• 2 �F�w�Å�æ�Ñ�Ä�½�£�ï�Ì�”�p�w�•�”�T�’�{� 

�w�Ä�å�¿�©�ï�¬�›�`�z�¤�á�ˆ�”�w�{� �]�q�w�7�Ù
€�:�› 1 �Í��
:�p�Ñ�Ÿ�¿�Â�Ÿ�ï�¬�`�o focal

plane �›�{�Š�h�{


¯ 4.7: TRANSPORT �-�‰�p�˜�’�•�h�¤�›	O�Ã�Ó
t�w�Ó	Ô�¯
��{
Y�w�‹�x
+��	)���z
Û�w�‹

�x���Ú	)���›�b�”�‘�O�t�›	O�Ã�Ó
t�w�Ã
Q�›�>�Š�”�{

Spectrometer Magnet Field gradient [T=m]

HRS Q1 -5.29

Q2 2.18

Q3 2.07

HKS Q1 3.46

Q2 -2.80

�p�x point-to-point �p�{� �U	)���`�z focal plane �U�x�l�V�“�q�¬�Ý�p�V�”�{�`�T�`�z�q�•�h

focal plane �x�z�Š�Z�€�p���[�`�h reference plane�T�’
: 10 cm �„�r�m�•�o�M�”�{�\�•�x�z

TRANSPORT �º�p�x
‡	×�t���›�$�s�Þ�Ã�ç�`�T�Ï�™�b�”�\�q�U�p�V�c�z
$ 3.11, 4.5�p�Ô�`

�h�‘�O�s�·�Ó�»�Ü�Ó
t�• HRS 
Ò�Ã�Ó
t�s�r�w
ó�v�s�Ó�Ã��	Ý�› TRANSPORT 	Í�p���[�p

�V�s�M�h�Š�p�K�”�q�ß�Q�’�•�”�{�i�U�î�M�w�î�g�p�x�z
$ 4.17 �t�Ô�`�h���S�w�{� 	)���U�_

�’�•�•�y�“�v	G
ü�p�K�”�{�Í	·�p�x
¯ 4.7 �t�Ô�`�h�‹�›�;�M�o Geant4 �³�Û�á�è�”�³�ã�ï�›
�

�Š�h�{
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�\�w	·�p�x�z
²	·�p�Ï�™�`�h�·�Ó�»�Ü�Ó
t�~ HRS�~ HKS �b�‚�o�›���Š�h�Þ�ï�Â�§�ç�é�³

�Û�á�è�”�³�ã�ï�¯�”�Å�›�;�M�o�z�Š�î�g�·�¿�Ä�ž�¿�Ó�U�î�g�w�A�{
Q�ó�›�¬�h�b�T�r�O�T�›

�^�æ�b�”�{ 5.1 
…�p�x�z�³�Û�á�è�”�³�ã�ï	Í�t�S�Z�”�Ã�”�»	��˜�w�Ä�æ�¨�”	Ú�E�›���[�b�”�{

5.2 
…�Ž�ñ�p�z�-�‰�+�º�p�{� �›
\
R�`�o�˜�’�•�h�A�L�t�m�M�o�G	\�b�”�{�7�™�w 5.4 
…�p�x�z

E12-15-008�î�g�p�˜�’�•�”�q�8�4�^�•�”�Û�¿�³�ï�¬�Ú�µ�µ�Ö�«�Ä�ç�›
°�A�`�^�æ�b�”�{

5.1 �Ã�”�»	��˜�Ä�æ�¨�”	Ú�E

�³�Û�á�è�”�³�ã�ï�t�S�M�o�z�„�Z�?� �~ K + �¤��� �U�¤�µ�Ö�«�Ä�é�Ý�”�»�w�U	Z�+�p�U	Z�^�•

�h�q
Q���b�”	Ú�E�›�z�\�\�p�Ì�¬�t���[�`�o�S�X�{

�a�ˆ�t�S�\�s�l�h E01-011�î�g�z E05-115�î�g�p�x�z
\
R K + �¤��� �›�‰���b�”�h�Š�z
$

3.14 �p�Ô�`�h 3 �m�w�³�ï�½�è�”�³�ã�ï�U	Z�+ (KTOF1X, KTOF1Y, KTOF2X) �b�‚�o�z�S

�‘�| 2 �m�w
+�½�£�è�ï�¯�Ñ�U	Z�+ (WC1, 2) �w�M�c�•�T�t�{� �U�Ö�ù�`�h	Ô�ù�›�Ã�”�»	��˜�Ä

�æ�¨�”�q�`�o�M�h [35]�{���s�S�\�s�l�h�³�Û�á�è�”�³�ã�ï�p�x�z���o�w�h�Š�z�·�Ó�»�Ü�Ó
t�~

�›	O�Ã�Ó
t�~
Ò�Ã�Ó
t�›�è�a�`�z 2 �m�w�Å�æ�Ñ�Ä�½�£�ï�Ì�” (KDC1, 2) �S�‘�| 3 
j�è�w�³�ï

�½�è�”�³�ã�ï�U	Z�+ (KTOF2X) �p�U	Z�^�•�h	Ô�ù�›�Ã�”�»	��˜�w�h�Š�w�Ä�æ�¨�”	Ú�E�q���[

�`�h�{ KTOF2X �x���w�U	Z�+�q
z�‚�o�q�.�¯�U	–�^�M�h�Š�z�\�\�p���[�`�h�Ä�æ�¨�”	Ú�E�q

�î�M�w�î�g�p�w�Ä�æ�¨�”	Ú�E�q�p�x�z�µ�Ö�«�Ä�é�Ý�”�»�w�ž�«�·�Ó�»�ï�µ�t�G�V�s�)�x�Á�M�q

�ß�Q�’�•�”�{

�°�M�„�Z�?� �µ�Ö�«�Ä�é�Ý�”�»�p�x�z E05-115�î�g�p�;�M�h HES �w	Ô�ù�z
ˆ�æ�Ì�������w

�h�Š�w 2 
Ú�w�³�ï�½�è�”�³�ã�ï�U	Z�+�p�{� �U�U	Z�^�•�h	Ô�ù�›�Ã�”�»	��˜�Ä�æ�¨�”�q�`�o

�M�h [35]�{ HRS �›�;�M�”�Š�î�g�p�‹�‰�7�t�Ä�æ�¨�”	Ú�E�›
ƒ���b�”�{�`�T�`�z
$ 3.12 �t�Ô�`

�h 2 
Ú�w�³�ï�½�è�”�³�ã�ï�U	Z�+ (S1, 2) �w
ƒ�”�•�”�•�G�V�^�s�r�w	Ø�C�›�˜�”�\�q�U�p�V�s

�T�l�h�h�Š�z�Š�Z�€�t�S�Z�”�³�Û�á�è�”�³�ã�ï�p�x�z 2 
Ú�w�Å�æ�Ñ�Ä�½�£�ï�Ì�” (VDCs) �w��

�ò�–�¬ (288yHRS mm � 2118zHRS mm) �›�{� �U�è�a�`�h	Ô�ù�›�Ä�æ�¨�”	Ú�E�q���[�`�h�{

�Š�æ���º�p \ �ž�«�·�Ó�Ä�{�  " �q�G	\�`�h	Ô�ù�x�z Geant4 �³�Û�á�è�”�³�ã�ï�t�S�M�o	Í	\

�w�Ä�æ�¨�”	Ú�E�›�¬�h�`�h�{� �w�\�q�›�¦�b�{
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¯ 5.1: �{� �w
\
R	Ú�E

System Septum + HRS Septum + HKS

Generate particle Scattered electrone0 K +

Generate position Center of target Center of target

Distribution Spherical uniform Spherical uniform

Momentum 3:03� 0:20 GeV=c 1:2 � 0:20 GeV=c

5.2 �{� �w�•�”�~�¯�S�~�á�ˆ�”�w
ì��


²
…�‡�p�p�z�Š�Z�€�p�Þ�ï�Â�§�ç�é�³�Û�á�è�”�³�ã�ï�›�S�\�s�O	Í�p
ž�A�s�z�·�Ó�»�Ü�Ó
t�~

HRS�~HKS �%�wGeant4 �¯�”�Å�w	j
‹�U
T�l�h�{�Ž�ñ�p�z�Ï�™�`�h Geant4 �¯�”�Å�›�;�M�o�-

�‰�;�º�p�{� �›
\
R�`�o�˜�’�•�h�A�L�t�m�M�o�G	\�b�”�{�s�S�Š	·�p�x�z�~��
ƒ�-�›�`�h�·�Ó

�»�Ü�Ó
t�w��
R�b�”�Ó	Ô�w�‹�m�«�¶�$
Q�í�›�Ð�˜�t�`�z�˜�’�•�h�A�L�›�,�t�z�·�Ó�»�Ü�Ó
t�w

�Ó�Ã��	Ý�s�r�w�^�’�s�”�~�‘�›�S�\�s�O�\�q�U�è�$�p�K�”�{�f�w�h�Š�z Geant4 	Í�p�x�?�Ó
ì

�“�^�;�•�f�w���w
ú�g�Ó�é�·�µ�›�°
~�I�\�^�s�M�‹�w�q�`�o�³�Û�á�è�”�³�ã�ï�›�S�\�s�l�h�{


¯ 5.1 �t�z�³�Û�á�è�”�³�ã�ï�p�>���`�h�{� �w
\
R	Ú�E�›�‡�q�Š�”�{�µ�Ö�«�Ä�é�Ý�”�»�w

�á�ˆ�”�ž�«�·�Ó�»�ï�µ�›	G
ü�¿�X
ô�O�‘�O�t�°�7�Z
:�p�á�ˆ�”�›�>�Š�z
ª�$�w�¤	ú�p�„�Z�?

� �~ K + �¤��� �›�•�Ø�°�7�t
\
R�`�h�{
$ 5.1, 5.2�t�z
²
…�p	\�‚�h�Ä�æ�¨�”	Ú�E�›�¬�h�`�h

�{� �¢ \ �ž�«�·�Ó�Ä�{�  " �£�w�z reference plane�p�w�•�”�~�¯�S�w
ì���›�Ô�b�{�\�\�p�z x; y

�x reference plane�p�w�•�”�z x0; y0 �x�¯�S�›
¯�b�¢	Ä�I�s���[�x 5.4.2 �ò�€	°�£�{ xy �2
ª�x�z

HRS reference plane�p�x y �M�²�z HKS reference plane�p�x x �M�²�U�f�•�g�•�w�µ�Ö�«�Ä�é

�Ý�”�»�w
Ò�Ã�Ó
t�t�‘�” dispersive�¢�á�ˆ�”
ü�„�£�M�²�t�s�”�‘�O�t���[�`�o�M�”�{�s�S�z�¤

�!
:�w�4�È RP �x reference plane�›�™�¯�b�”�{�\�•�’�w
ü
Í�›�_�”�q�z
¶�.�w
ì���T�’�Ž�•

�h�{� �U�„�_�^�•�”�{�\�•�’�w�{� �t�m�M�o�x 5.4.3 �ò�p�™	\�b�”�{


$ 5.3 �t�z
\
R�á�ˆ�” p �q reference plane�p�w dispersive�M�²�w�•�”�q�w
ì���›�Ô�b�{
$

4.18 �p�Ô�`�h�‘�O�t�z���[�`�h reference plane�x focal plane �T�’
: 10 cm �„�r�m�•�o�x�M

�”�‹�w�w�z
$ 5.3 �w�‘�O�t�z�á�ˆ�”�q�•�”�q�t
¢���t�Ù�M
ì���U�K�”�w�U�˜�T�”�{�i�U�\�\�p

�‹
¶�.�w�Ú
¢�$�s
ì���t
ï�›�‹�h�d�”�{� �U���O�b�”�w�U�˜�T�”�{

5.3 �µ�Ö�«�Ä�é�Ý�”�»�w�q�.�¯�~�á�ˆ�”�ž�«�·�Ó�»�ï�µ


¯ 5.1 �q�‰�a	Ú�E�p�{� �›
\
R�`�z HRS�~ HKS �f�•�g�•�w�q�.�¯�ž�«�·�Ó�»�ï�µ 
 �›�Ž�<�w

�Ü�t�‘�“�{�Š�h :


 =
Naccept

Ngene

 gene: (5.1)
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$ 5.1: HRS referene plane�t�S�Z�” \ �ž�«�·�Ó�Ä�{�  " �w�•�”�~�¯�S�w
ì��


$ 5.2: HKS referene plane�t�S�Z�” \ �ž�«�·�Ó�Ä�{�  " �w�•�”�~�¯�S�w
ì��
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$ 5.3: 
\
R�á�ˆ�” p �q reference plane�p�w dispersive�M�²�w�•�”�q�w
ì���{ HRS �x yRP �M

�²�z HKS �x xRP �M�²�› dispersive�M�²�q���[�`�o�M�”�{

�\�\�p�z Ngene �x
\
R�{� 
:�›
¯�`�z Naccept �x�\�w�O�j�Ä�æ�¨�”	Ú�E�›�¬�h�`�h \ �ž�«�·�Ó�Ä

�{�  " 
:�›
¯�b�{ 
 gene �x�{� �›�°�7
\
R�`�h�–�¬�w�Á�”�q�.�¯�›
¯�b�{
$ 5.4, 5.5�t�á�ˆ�”

�ž�«�·�Ó�»�ï�µ�~�¯�S�ž�«�·�Ó�»�ï�µ�z�S�‘�|�f�•�’�w
ì���›�Ô�b�{�r�j�’�‹�z
$ 3.8 �t�Ô�`

�h�¤�‘�w�µ�Ö�«�Ä�é�Ý�”�»�w�á�ˆ�”�ž�«�·�Ó�»�ï�µ�›�z�„�q�œ�r�°�7�t
ô�Q�o�M�”�\�q�U�˜�T

�”�{
$ 5.5 �T�’�z�¤	ú�á�ˆ�” 1:2 GeV=c �t�S�Z�” HKS �w�q�.�¯�ž�«�·�Ó�»�ï�µ�x � 3:2 msr

�q�_
u�‹�”�\�q�U�p�V�”�{

HKS �q�.�¯�ž�«�·�Ó�»�ï�µ�q�q�‹�t�z�Ë� �Í�”�©�w	)�”�x integrated virtual photon 
ux

� int �t
z�«�b�”�{ � int �x�Ü (2.14) �›�„�Z�?� �µ�Ö�«�Ä�é�Ý�”�»�w�ž�«�·�Ó�»�ï�µ�p
u
ü�`�h

virtual photon 
ux �›
¯�`�z�Ž�<�w�Ü�p���[�^�•�” :

� int =
ZZ

� d
 e0dEe0: (5.2)

�Ü (5.2) �w
u
ü�x�z HRS �t�‘�” \ �ž�«�·�Ó�Ä�{�  " �]�q�t�-�‰�`�h virtual photon 
ux � �›

�
�`�ù�˜�d�”�\�q�t
ì�p�`�z�A�L�q�`�o � int = (2 :96� 0:11) � 10� 5 [=electron] �›�˜�h�{

�Í�t�z�Ë� �Ö�é�ï�‡�h�x�Ë� �Í�”�©�U
\
R�^�•�h� �Õ�ï�Ä�t�0�b�”�„�Z�?� �q K + �¤��� 

�›�z HRS+HKS �%�p�‰�Ì�-���U�D�ó�T�›�Ð�‚�h�{
$ 5.6 �t�z � ; � 0 �{� �z 12
� B, 40

� K, 208
� Tl �w


\
R�›�f�•�g�•�>���`�z HRS, HKS �f�•�g�•�p \ �ž�«�·�Ó�Ä " �^�•�h�„�Z�?� �~ K + �¤��� �w

�á�ˆ�”�w
ì���›�Ô�b�{�·�Ó�»�Ü�Ó
t +HRS+HKS �w�î�g�·�¿�Ä�ž�¿�Ó�t�‘�l�o�z�Š�î�g�p�–

�;�b�”�'���w�b�‚�o�w
ª�$�t�S�M�o�z
\
R�^�•�”�Ë� �Ö�é�ï�~�Ë� �Í�”�©�›�����p�V�”�\�q�U

�¬�Ý�p�V�”�{�‡�h�z�˜�’�•�h
ì���x
$ 3.8 �t�Ô�`�h
ì���q�°�•�b�”�h�Š�z Geant4 �³�Û�á�è�”

�³�ã�ï�›
Y�`�X�S�\�s�Q�o�M�”�\�q�‹�¬�Ý�p�V�”�{
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$ 5.4: Geant4�³�Û�á�è�”�³�ã�ï�p�_
u�‹�l�h�·�Ó�»�Ü�Ó
t +HRS �%�¢�„�Z�?� �U	Z�%�£�w

�q�.�¯�ž�«�·�Ó�»�ï�µ


$ 5.5: Geant4�³�Û�á�è�”�³�ã�ï�p�_
u�‹�l�h�·�Ó�»�Ü�Ó
t +HKS �%�¢K + �¤��� �U	Z�%�£

�w�q�.�¯�ž�«�·�Ó�»�ï�µ
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$ 5.6: �Ë� �Í�”�©
\
R�t���˜�”�„�Z�?� �~ K + �¤��� �w�á�ˆ�”�w
ì���{�Ë� �Ö�é�ï�¢ �, � 0 �{

� �£�z�Ë� �Í�”�©�¢ 12
� B, 40

� K, 208
� Tl �£�U
\
R�^�•�h�f�•�g�•�w	Ô�ù�t�0�`�o�z HRS, HKS �p�{

� �U�‰�Ì�t \ �ž�«�·�Ó�Ä " �^�•�h� �Õ�ï�Ä�w�ˆ�›�Ó�é�¿�Ä�`�h�{

5.4 �Û�¿�³�ï�¬�Ú�µ
ü�r�ó�w
°�A


²
…�‡�p�p�z Geant4 	Í�t�Ï�™�`�h�z�~���™�w�·�Ó�»�Ü�Ó
t�›�;�M�h E12-15-008�î�g�w�«�¶

�%�Þ�Ã�ç�t�‘�•�y�z�{� �x referece plane
Ç�Ù�p	)���`�z�����0	Å�q�s�”�Ë� �Í�”�©�¢ 3.3.2�ò

�€	°�£
\
R�t���˜�”�„�Z�?� �~ K + �¤��� �›�‰�Ì�-���p�V�”�á�ˆ�”�~�¯�S�–�¬�t�z�µ�Ö�«�Ä�é

�Ý�”�»�ž�«�·�Ó�»�ï�µ�›�Á�•�o�M�”�\�q�U�¬�Ý�p�V�h�{�q�.�¯�ž�«�·�Ó�»�ï�µ�x�a�ˆ�w�î�g�q


z�±�`�o	G
ü�p�x�s�M�‹�w�w�z�Ž�ñ�p�Ë� �Í�”�©�w�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�~	)�”�›
°�A�b�”�t

�x	G
ü�s
Q�ó�›���b�”�q�M�Q�”�{

�˜�’�•�h reference plane�p�w�{� �w�•�”�~�¯�S�w	Ø�C�›�,�t�`�o�z
\
R�^�•�h�Ë� �Í�”

�©�w�Û�¿�³�ï�¬�Ú�µ�›�6�Ï
R�b�”�\�q�U�p�V�”�{�\�w
…�p�x�z�Ï�™�`�h Geant4 �³�Û�á�è�”

�³�ã�ï�¯�”�Å�›�;�M�o�z�™	\�w�M�O�t�‘�“�˜�’�•�h�Û�¿�³�ï�¬�Ú�µ�w
ü�r�ó�›
°�A�b�”�{

E12-15-008�î�g�t�S�Z�”	��A�s�����0	Å�p�K�” 40Ca(e; e0K + )40
� K 
S� �i�Z�p�s�X�z�˜�’�•

�h�A�L�› E05-115�î�g�w�î�g�A�L�q
z�±�b�”�h�Š�z CH2 
ª�$�›�;�M�h p(e; e0K + )� 
S� �S�‘

�| 12C 
ª�$�›�;�M�h 12C(e; e0K + )12
� B 
S� �›�f�•�g�•�>���`�³�Û�á�è�”�³�ã�ï�›�S�\�s�l�h�{

5.4.1 �Û�¿�³�ï�¬�Ú�µ�6�Ï
R�w	�	q


\
R�`�h�Ë� �Í�”�©�w�Û�¿�³�ï�¬�Ú�µ�›�r�w�‘�O�t�`�o�6�Ï
R�`�h�T�›�Ž�<�p
†�Ì�b�”�{

1. �Ë� �Í�”�©
\
R�t���˜�”�„�Z�?� �~ K + �¤��� �w�á�ˆ�”�Õ�«�Ä�ç�›�-�‰

�Ë� �Í�”�©
\
R
S� �w�á�ˆ�¶�›�-�‰�`�z�„�Z�?� �q
\
R K + �¤��� �w�á�ˆ�”�Õ�«�Ä�ç

�›� �Õ�ï�Ä�]�q�t�{�Š�h�{
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�>���`�h�á�ˆ�¶�x E12-15-008�î�g�›
Ý���`�z
¯ 3.1 �¤�w�Í�å�Ý�”�»�›�;�M�h�{
ª�$�t

�¤�É�ç�ª�” 4:5 GeV �w�?� �›�Ö�ù�`�z HRS �ž�«�·�Ó�»�ï�µ�º�p�°�7
\
R�`�h�„�Z�?� 

�w�á�ˆ�”�Õ�«�Ä�ç�U�>�‡�”�q�z�¤�É�ç�ª�”�~�á�ˆ�”�-�����T�’�>
Ý�«� �w�á�ˆ�”�Õ�«�Ä

�ç�U�°�™�t�>�‡�”�{ 3.3.1 �ò�p	\�‚�h�‘�O�t�z�Š�Z�€�p�x
É�a�� 
 + p ! K + + � �w	O

	ú�%�t�S�Z�” K + �¤��� �w�L	Z�¯�› � c:m:

K = 0 � �q�s�”�‘�O�t K + �¤��� �›
\
R�`�h�{

2. �„�Z�?� �~ K + �¤��� �›
\
R

	�	q 1. �p�-�‰�`�h�á�ˆ�”�Õ�«�Ä�ç�t	H�l�o�z�Ï�™�`�h Geant4 �¯�”�Å	Í�p�„�Z�?� �~

K + �¤��� �›
\
R�`�h�{�{� �x�·�Ó�»�Ü�Ó
t�s�r�U��
R�b�”�Ó	Ô�¤�›
��ˆ�z�¤�µ�Ö�«�Ä

�é�Ý�”�»�•�q��
ù�^�•�”�{ \ �ž�«�·�Ó�Ä�{�  " �w reference plane�t�S�Z�”�•�”�~�¯�S�~

�á�ˆ�”�›�˜�h�{

3. �o��
ù�æ�»�w
\
R

�³�Û�á�è�”�³�ã�ï	Í�p�x�z
ª�$�~ reference plane�p�w�{� �w�á�ˆ�”�Õ�«�Ä�ç�w
��‹�›�˜

�”�\�q�U�p�V�”�{�\�•�’�w
��‹�›�,�t�7	–�Ë	Ð�O�›�;�M�o�z�™	\�b�”�o��
ù�æ�»�q�z�y

�•�”�æ�»�›
\
R�`�h�{ 3.3.2 �ò�p	\�‚�h�‘�O�t�z�g
Ý�$�t�x�z�î�g�™�w�r
s�p�x�b�‚�o

�w
ª�$�t�0�`�o�‰�°�w�o��
ù�æ�»�›�;�M�o�r
s�›�S�\�s�O�\�q�‹�p�V�”�{�f�w�‘�O�s�r


s�›�D�ó�t�b�”�h�Š�t�x�z�7�‘�s�•�”�~�á�ˆ�”�í���w�{� �w	Ø�C�›�,�t�`�o�o��
ù�æ�»

�›
\
R�b�”
ž�A�U�K�”�{�`�h�U�l�o�Š�Z�€�p�x�z�o��
ù�æ�»�x�b�‚�o�z�Ë� �Í�”�©
\
R

�q�Á�����t�°�7
\
R�`�h�{� ���¢
¯ 5.1 �p�Ô�`�h	Ú�E�p
\
R�`�h�{� ���£�T�’�{�Š�h�{

�o��
ù�æ�»�w	Ä�I�S�‘�|�-�‰�M�O�x 5.4.2 �ò�p�™	\�b�”�{

4. �Û�¿�³�ï�¬�Ú�µ�w�6�Ï
R

	�	q 2. �p�˜�’�•�h reference plane�p�w�{� �w	Ø�C�›�,�t�z	�	q 3. �p�˜�’�•�h�o��
ù

�æ�»�t�‘�l�o
ª�$�p�w�{� �w�•�”�~�¯�S�~�á�ˆ�”�›�6�Ï
R�`�h�{�6�Ï
R�`�h
ª�$�p�w�{

� �w�á�ˆ�”�Õ�«�Ä�ç�T�’�z
\
R�^�•�h�Ë� �Í�”�©�w�Û�¿�³�ï�¬�Ú�µ�› 2.3 
…�w�Ü(2.16)

�t	H�l�o�-�‰�`�z�6�Ï
R�`�h�{

�Ž	Í�w�‘�O�t�`�o�6�Ï
R�`�h�Û�¿�³�ï�¬�Ú�µ�q�z	�	q 1. �p�>���`�h�Ë� �Í�”�©�w�í�”�q�›
z

�±�`�z�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�›
°�A�`�h�{
°�A�M�O�x 5.4.4 �ò�Ž�ñ�p�™	\�b�”�{

5.4.2 �o��
ù�æ�»�w�-�‰

HRS, HKS �w
ˆ
{�U	Z�+�p�˜�’�•�h�{� �w�•�”�~�¯�S	Ø�C�›�z
$ 3.12, 3.14�p�Ô�`�h�‘�O�t

�f�•�g�•�p���[�`�h reference plane�p�w	Ø�C�t�!�õ�b�”�{�^�’�t�z�˜�’�•�h reference plane

�p�w	Ø�C�T�’�z�o��
ù�æ�»�t�‘�l�o
ª�$�p�w�•�”�~�¯�S�~�á�ˆ�”�›�{�Š�”�{�Ž�<�t�o��
ù�æ�»

�w�{�Š�M�›	\�‚�”�{
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ª�$�p
\
R�^�•�h�{� �x�z�›	O�Ã�Ó
t�•
Ò�Ã�Ó
t�w�^�”�Ó	Ô�w�¤�›
��ˆ reference plane�t

�x�a�b�”�{
ª�$�p�w	Ø�C�T�’ reference plane�p�w	Ø�C�•�w�!�õ�x�z�o�°�w��
ù�æ�» M 0 �t

�‘�l�o
¯�q�b�”�\�q�U�p�V�” :
0

B
B
B
B
@

xRP

x0
RP

yRP

y0
RP
p

1

C
C
C
C
A

= M 0

0

B
B
B
B
@

xT

x0
T

yT

y0
T
p

1

C
C
C
C
A

: (5.3)

�\�\�p�z p, x, y �x�f�•�g�•�{� �w�á�ˆ�”�z x; y �M�²�w�•�”�›
¯�`�z�á�ˆ�”�w�¤
R
ü px ; py ; pz

�›�;�M�o
¯�q�^�•�” x0(� px =pz ), y0(� py =pz ) �x�f�•�g�• x; y �M�²�w�¯�S�›
¯�b * 1�{�<
Ç�V

�4�È RP �x reference plane�›�z T �x
ª�$ (target) �p�w	Ø�C�›
¯�b�{�î�M�w�î�g�p�x
ª�$�p�w

	Ø�C�x�Ú
€�����b�”�\�q�x�p�V�s�M�h�Š�z reference plane�p�w	Ø�C�›�z M 0 �w�o�æ�» M � 1
0 �›

�;�M�o
ª�$�p�w	Ø�C�t�!�õ�b�” :
0

B
B
B
B
@

xT

x0
T

yT

y0
T
p

1

C
C
C
C
A

= M � 1
0

0

B
B
B
B
@

xRP

x0
RP

yRP

y0
RP
p

1

C
C
C
C
A

: (5.4)

�Ž	Í�U��
ù�æ�»�w�“�æ�p�K�”�{�`�T�`�z��
ù�æ�» M 0 �x�{� �w�J�“	Í�w�Ó	Ô�S�‘�|�{� �w
ˆ�æ

�‘�m�p�>�‡�”�‹�w�w�z�î�M�t�x�Ü (5.3), (5.4) �w�‘�O�t 1 �Í�w�æ�»�p�í���›
¯�q�b�”�\�q�x�p

�V�s�M�{�Ù�•�Ó	Ô�w�è�¹�s�r�t�‘�“
ó�v�s�í���›
¯�q�`�z � p=p ' 10� 4 �w�ô
^�S�s�á�ˆ�”
ü

�r�ó�›�î�q�b�”�h�Š�t�x�z�Í�w�‘�O�t�ô�Í�w�ò�›���Š�h��
ù�æ�»�›�ß�Q�”
ž�A�U�K�” :

0

B
B
B
B
@

xRP

x0
RP

yRP

y0
RP
p

1

C
C
C
C
A

= M T2R

0

B
B
B
B
B
B
B
B
B
B
B
@

xT

x0
T

yT

y0
T
p

x2
T

xT x0
T

...

1

C
C
C
C
C
C
C
C
C
C
C
A

; (5.5)

0

B
B
B
B
@

xT

x0
T

yT

y0
T
p

1

C
C
C
C
A

= M R2T

0

B
B
B
B
B
B
B
B
B
@

xRP

x0
RP

yRP

y0
RP

x2
RP

xRP x0
RP

...

1

C
C
C
C
C
C
C
C
C
A

: (5.6)

* 1 �{� �w x; y �M�²�w�¯�S�x�z�è	× x0 � arctan ( px =pz ); y0 � arctan ( py =pz ) �q�-�‰�^�•�”�U�z�«�¶�-�‰�t�S

�M�o�x�(�S�$�t�z�{� �w�•�”�w�!�=�w�Â�ù�›�¯�S�q���[�b�”�{
•	–�¯�S�t�S�M�o�\�•�’�x�°�•�b�”�{
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¯ 5.2: �o��
ù�æ�»�w�Í
: n �q�A
É
: M �w����

�Í
: n 1 2 3 4 5 6 7 8 9

�A
É
: M 5 15 35 70 126 210 330 495 715

�\�\�p�z M T2R �x
ª�$�p�w	Ø�C�T�’ reference plane�p�w	Ø�C�t�!�õ�b�”��
ù�æ�»�›�z M R2T

�x reference plane�p�w	Ø�C�›
ª�$�p�w	Ø�C�t�!�õ�b�”�o��
ù�æ�»�›
¯�b�{�{� �w�á�ˆ�”�x�Ú


€�����b�”�\�q�U�p�V�s�M�h�Š�z�Ü (5.6) �t�á�ˆ�” p �t���b�”�ò�x���Š�s�M�{�‡�h 2.4 
…�p	\

�‚�h�‘�O�t�z CEBAF �C���+�w�™�…�b�”�?� �Ï�”�Ü�w�µ�Ù�¿�Ä�±� �¶�x 100-200� m (rms) �q


‡	×�t	–�^�M�h�Š�z
ª�$�p�w�{� �w�•�”�z�m�‡�“
S� �:�x xT ; yT ' 0 �q�ˆ�s�b�\�q�U�p�V�”�{

�`�h�U�l�o��
ù�æ�» M T2R �q�o��
ù�æ�» M R2T �x�z�“�M�t
:�¶�$�s�æ�»�~�o�æ�»�w�����t�x

�s�M�{
ª�$�p�w	Ø�C x0
T ; y0

T �S�‘�| p �x�z reference plane�p�w	Ø�C�›�;�M�h n �Í�w���ò�Ü�p	{

�Z�” :

x0
T =

nX

a+ b+ c+ d=0

Cx 0(a; b; c; d)(xRP )a(x0
RP )b(yRP )c(y0

RP )d; (5.7)

y0
T =

nX

a+ b+ c+ d=0

Cy0(a; b; c; d)(xRP )a(x0
RP )b(yRP )c(y0

RP )d; (5.8)

p =
nX

a+ b+ c+ d=0

Cp(a; b; c; d)(xRP )a(x0
RP )b(yRP )c(y0

RP )d: (5.9)

�\�\�p�z��
: Cx 0; y 0; p (a; b; c; d) �x�o��
ù�æ�» M R2T �w�A
É�›
¯�b�{�\�•�’�w��
:�›�{�Š

�”�M�O�›�Ž�<�p	\�‚�”�{

�Ü (5.7) �w�(�%�p�{�Š�h x0
T �U�î�M�w
ª�$�p�w x �M�²�w�¯�S�›�r�•�i�Z
Y�¬�t
¯�q�p�V�o�M

�”�T�›�Ð�‚�”�h�Š�z�Í�å�Ý�”�» � 2 �›�‹�Ö�`�z�Í�Ü�p���[�b�” :

� 2 =
NX

i =1

 

x0( i )
T �

MX

k=1

ak X ( i )
k

! 2

: (5.10)

�\ �\ �p �z�4 �È i �x i 
j �è �w �{ �  �z N �x �� �� �b �” �{ �  �w 
ï 
: �› 
¯ �b �{�‡ �h �z X k �x

X k � (xRP )a(x0
RP )b(yRP )c(y0

RP )d (a + b + c + d � n) �q���[�`�z ak �x�Ü (5.7) �¤�w��
:

Cx 0(a; b; c; d) �q�‰�[�p�K�”�{ M �x�o��
ù�æ�» M R2T �w�A
É
:�›
¯�`�z reference plane�p�w


ú�g�” xRP ; x0
RP ; yRP ; y0

RP �S�‘�|�f�•�’�t�‘���`�s�M�Á�Í�i�”�w�ù�- 5 �x�T�’ n �x�›
¬�•

	O
ó
Ê�ˆ�ù�˜�d�t�s�`�M�¢
¯ 5.2�£�{�Ü (5.10) �p���[�^�•�h � 2 �U�7	–�q�s�”�q�V�w�o�æ�»�A
É

ak �U�z x0
T �w�7�&�s�Ù�Å�‹�›�)�Q�”�¢�7	–�Ë	Ð�O�£�{
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�M�‡�z N � M �æ�» A �S�‘�| M � 1; N � 1 �»�Õ�«�Ä�ç a; b �›

A �

0

B
B
B
B
B
B
B
@

X (1)
1 � � � X (1)

j � � � X (1)
M

...
. . .

...
. . .

...
X ( i )

1 � � � X ( i )
j � � � X ( i )

M
...

. . .
...

. . .
...

X (N )
1 � � � X (N )

j � � � X (N )
M

1

C
C
C
C
C
C
C
A

; (5.11)

a �

0

B
B
B
B
B
B
@

a1
...

aj
...

aM

1

C
C
C
C
C
C
A

; b �

0

B
B
B
B
B
B
B
@

x0(1)
T
...

x0( i )
T
...

x0(N )
T

1

C
C
C
C
C
C
C
A

(5.12)

�q���[�b�”�q�z�Ü (5.10) �x�z

� 2 = jb � A � aj2 = ( b � A � a)T (b � A � a) (5.13)

�q	{�V�Ú�^�•�”�{ A �U
Y���w�q�V�z � 2 �›�7	–�t�b�” a �x�h�i 1 �m�p�K�“�z�f�•�x
Y�F�M���Ü

A T Aa = A T b (5.14)

�›�r�X�\�q�p�˜�’�•�”�{

�\�w
Y�F�M���Ü�›�r�X�M�O�q�`�o�Š�Z�€�p�x�›�Ÿ�‹
ü�r�›�;�M�h�{�›�Ÿ�‹
ü�r�q�x�K�”�Ú�™

�w N � M �æ�» A �›�Í�w�‘�O�t 3 �m�w�æ�»�•
ü�r�b�”	��O�p�K�” :

A = UDV T : (5.15)

�\�\�p�z U ; V �x�f�•�g�• N � L; M � L �w
Y�F�Ú�¦�æ�»�z D �x L � L �w�0�¯�æ�»�p�K�”�{

�\�•�›
Y�F�M���Ü (5.14) �t�E�Ö�b�”�\�q�p

a = V D � 1(U T b) (5.16)

�U�˜�’�•�”�{

�Ž	Í�›�Ü (5.8), (5.9) �t�0�`�o�‰�7�t�S�\�s�O�\�q�p�z reference plane�w	Ø�C�›�,�t�z
ª�$

�p�w�á�ˆ�”�Õ�«�Ä�ç�w�7�&�s�Ù�Å�‹�›�{�Š�”�\�q�U�p�V�”�{

5.4.3 �o��
ù�æ�»
\
R�t�;�M�”� �Õ�ï�Ä�w
¬��


²	\�w�‘�O�t�z��
ù�æ�»�~�o��
ù�æ�»�x�z�·�Ó�»�Ü�Ó
t�s�r�w�?�Ó
t�U��
R�b�”�Ó	Ô�•�{� �w


ˆ�æ�‘�m�q�M�l�h�í���$	Ø�C�›
¯�q�b�”�o�°�w�æ�»�p�K�”�{
¯�q�b�”�í���U�¿�X�s�”�„�r�z�‡

�h�Ó	Ô�í���U
ó�v�t�s�”�„�r�z�ô�Í�w�ò�›���Š�h�q�`�o�‹�f�w�í���›�o�°�w�æ�»�p
¯�q�b�”�\
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$ 5.7: �¯�æ�Ý�”�»
ƒ�”
²�™�w HKS reference plane�p�w�{� �w
ü
Í�{�Õ�M���w�¯�æ�Ý�”�»�›

�·�Ó�»�Ü�Ó
t�w�„�Z�?� ���~ K + �¤��� ���f�•�g�•�w�Ó�Ã�w	�
²�t
ƒ�”�`�h�{�(�»�U
ƒ�”
²�z

�È�»�U
ƒ�”�™�›
¯�b�{ reference plane	Í�p
¶�.�w
ì���T�’�Ž�•�h�{� �x�z�¯�æ�Ý�”�»�t�‘�l

�o�µ�Ö�«�Ä�é�Ý�”�»�•���Ö�`�s�X�s�l�h�\�q�U�˜�T�”�{�Š�Z�€�p�x�z�o��
ù�æ�»�›
\
R�b�”

�M�t�x�¯�æ�Ý�”�»�›
ƒ�”�`�z�Û�¿�³�ï�¬�Ú�µ�6�Ï
R�›�S�\�s�O�M�t�x
ƒ�”�d�c�t�r
s�›�S�\

�s�l�h�{

6 
����S�q�=�`�o�S�“�z�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�t�f�˜�t�®�M�o�`�‡�O�{ 12 GeV upgrade

	4�ƒ�™�t�á�;�U�6�‰�^�•�o 4, 5 �å�„�r�&�a�`�h�q�O�x�M�X�’�T�~
³�`�h�q�‹�ß�Q�’�•

�”�U�z�î�g
²�t�Ï�”�Ü
¼�í�›�Ð�‚�”
ž�A�U�K�”�{�\�w	·�p�x�z�Ö�ù�?� �¤�É�ç�ª�” Ee

�x � Ee = 3 :0 � 10� 5 � Ee �›
R�‹
¶
ï�q�b�”�¨�¢�µ
ü
Í�t	H�O�q�>���`�o�Û�¿�³�ï�¬

�Ú�µ
ü�r�ó�›
°�A�`�h�{�s�S�z�€�ß�w�h�Š
Ç�å D �t�z � E=E = 1 :0 � 10� 4; 2:0 � 10� 4

(FWHM) �q�f�•�g�•�>���`�h	Ô�ù�t�m�M�o�‹�z�Ö�ù�?� �¤�É�ç�ª�”
ü�r�ó�w�Û�¿�³�ï

�¬�Ú�µ
ü�r�ó�•�w�/�)�›�Ô�`�h�w�p�€	°�^�•�h�M�{


$ 5.8 �t�z	Í	\�w�U	Z�+
ü�r�ó�q�Ö�ù�?� �¤�É�ç�ª�”
ü�r�ó�›�ß�€�t�Ö�•�z�o��
ù�æ�»�t�‘
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$ 5.8: �«�¶�%�U�{���t�‹�m�á�ˆ�”�~�¯�S
ü�r�ó�w�ˆ�›�ß�€�t�Ö�•�o��
ù�æ�»�t�‘�“�6�Ï
R�`

�h�z 12
� B �,��	Ý�6�w�Û�¿�³�ï�¬�Ú�µ�{�\�w
ü
Í�›�Ñ�¥�”�«�Ä��
:�¢�¨�¢�µ��
:�q�é�”�è�ï�À��


:�w�ù
R
u�£�t�‘�“�Ñ�Ÿ�¿�Â�Ÿ�ï�¬�`�z�f�w
R�‹
¶
ï 960 keV �›�Û�¿�³�ï�¬�Ú�µ�{��
ü�r�ó

� M int
HYP �q�b�”�{


¯ 5.3: HRS�~ HKS �f�•�g�•�w reference plane�p�w�•�”�~�¯�S
ü�r�ó [47][57]�{ HRS �x y �M

�²�z HKS �x x �M�²�U�z
Ò�Ã�Ó
t�w dispersive�M�²�q���[�`�o�M�”�{

Drift chamber (Spectrometer) �x [� m] �x 0[mrad] �y [� m] �y 0[mrad]

VDC1, 2 (HRS) 100 (� ) 0:5 (� ) 100 (� ) 0:5 (� )

KDC1, 2 (HKS) 100 (typical) 0:2 (typical) 160 (typical) 0 :3 (typical)

�“�6�Ï
R�`�h 12
� B �,��	Ý�6�w�Û�¿�³�ï�¬�Ú�µ�µ�Ö�«�Ä�ç�›�Ô�b�{�\�\�p�x�z
ª�$�p�w�{� �w

�¤�É�ç�ª�”���æ�• energy struggling �x�Á�¹�`�z�b�‚�o�°�:�p
S� �›�I�\�`�h�q�>���`�h�{�`

�h�U�l�o
$ 5.8 �w�Û�¿�³�ï�¬�Ú�µ�x�z�·�Ó�»�Ü�Ó
t +HRS �S�‘�|�·�Ó�»�Ü�Ó
t +HKS �«�¶

�%�U�{���t�‹�m�á�ˆ�”�~�¯�S
ü�r�ó�w�/�)�w�ˆ�t�‘�l�o
ï�›�‹�m�{�\�w
ü
Í�›�Ñ�¥�”�«�Ä��
:

�¢�¨�¢�µ��
:�q�é�”�è�ï�À��
:�w�ù
R
u�£�t�‘�“�Ñ�Ÿ�¿�Â�Ÿ�ï�¬�`�z�f�w
R�‹
¶
ï�›�Û�¿�³�ï

�¬�Ú�µ�{��
ü�r�ó � M int
HYP �q���[�b�”�{�f�•�g�•�w�Ë� �Í�”�©
\
R
S� �t�S�Z�” � M int

HYP �›


¯ 5.5 �w�7�<�ˆ�t�Ô�b�{

�Ž�<�p�z�Û�¿�³�ï�¬�Ú�µ�{��
ü�r�ó � M int
HYP �›
M�v�`�o�M�”�A
É�U�?�T�›�Ì�’�T�t�`�o

�M�X�{

�«�¶�%�w�á�ˆ�”�~�¯�S
ü�r�ó�›���[�b�”
²�t�z�Í�Ü�›���[�b�” :

� p
p

=
p � precon

p
; (5.17)

� � = � � � recon : (5.18)

�\�\�p�z p, � �x�f�•�g�•
ª�$�p�w�á�ˆ�”�z�Ö�ù�?� �Ï�”�Ü�à�q�{� �w�s�b�¯�w
��‹�›
¯�`�z�4

�È recon �x�f�•�’�›�z�o��
ù�æ�»�›�;�M�o�6�Ï
R�b�”�\�q�p�˜�h�‹�›
¯�b�{
$ 5.9 �x�z
²	\�w
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�U	Z�+
ü�r�ó�w�/�)�›�Ö�•�z�Ü (5.17), (5.18) �›� �Õ�ï�Ä�]�q�t�{�Š�o�‹�›�g�Š�h�Î�µ�Ä�¬�å

�Ü�p�K�”�{�f�•�g�•�w
ü
Í�w
R�‹
¶
ï�›�«�¶�%�U�‹�m�á�ˆ�”�~�¯�S
ü�r�ó�q���[�b�”�{
¯ 5.4

�t�z�·�Ó�»�Ü�Ó
t +HRS �S�‘�|�·�Ó�»�Ü�Ó
t +HKS �f�•�g�•�w�«�¶�%�U�‹�m�á�ˆ�”�~�¯�S
ü

�r�ó�›�Ô�b�{�\�w�‹�x�z�Û�¿�³�ï�¬�Ú�µ
ü�r�ó � 500 keV (FWHM) �›�a
R�`�h E05-115�î

�g�t�S�Z�”�µ�Ö�«�Ä�é�Ý�”�»�á�ˆ�”
ü�r�ó�q�‰���S�p�K�” [35]�{

�Û�¿�³�ï�¬�Ú�µ�w�Ü (2.16) �x�Ö�ù�?� �~�„�Z�?� �~ K + �¤��� �w�¤�É�ç�ª�”�~�á�ˆ�”�Õ�«�Ä

�ç�t�‘���`�o�M�”�{�Û�¿�³�ï�¬�Ú�µ M HYP �›�\�•�’�w�!
:�p� 
•
ü�b�” :

@MHYP

@pe
� pe = +

1
M HYP

�
� e

�
M target � EK � Ee0

�

+ pe0 cos� ee0 + pK cos� eK

�
� pe; (5.19)

@MHYP

@pe0
� pe0 = �

1
M HYP

�
� e0

�
M target + Ee � EK

�

� pe cos� ee0 + pK cos� e0K

�
� pe0; (5.20)

@MHYP

@pK
� pK = �

1
M HYP

�
� K

�
M target + Ee � Ee0

�

� pe cos� eK + pe0 cos� e0K

�
� pK ; (5.21)

@MHYP

@�ee0
� � ee0 = �

�
1

M HYP
pepe0 sin � ee0

�
� � ee0; (5.22)

@MHYP

@�eK
� � eK = �

�
1

M HYP
pepK sin � eK

�
� � eK ; (5.23)

@MHYP

@�e0K
� � e0K = +

�
1

M HYP
pe0pK sin � e0K

�
� � e0K : (5.24)

�\�\�p�z � pe; e0; K �x�¤�{� �w�á�ˆ�” pe; e0; K �w
��‹�T�’�w�c�•�›
¯�`�z�/���$�s�‹�p�K�”

� Ee=Ee = 3 :0 � 10� 5 (FWHM) �S�‘�|
¯ 5.4 �w�‹�›�;�M�h�{�Ü (5.19)� (5.24) �› HRS�~

HKS �†�µ�Ö�«�Ä�é�Ý�”�»�t�ž�«�·�Ó�Ä�^�•�h� �Õ�ï�Ä�¢ \ �ž�«�·�Ó�Ä�{�  " �£�]�q�t�-�‰�`�z

�f�w���É�‹�›�{�Š�h�{�Ü (2.16) �t�q�•�”�b�‚�o�w�!
:�U�“�M�t� �q�i�q�>���b�”�q�z�Û�¿�³

�ï�¬�Ú�µ�{��
ü�r�ó�x�Ü (5.19)� (5.24) �w�Ë	Ð�è�p�{�Š�”�\�q�U�p�V�” :

�
� M int ; square

HYP

� 2
=

�
@MHYP

@pe
� pe

� 2

+
�

@MHYP

@pe0
� pe0

� 2

+
�

@MHYP

@pK
� pK

� 2

+
�

@MHYP

@�ee0
� � ee0

� 2

+
�

@MHYP

@�eK
� � eK

� 2

+
�

@MHYP

@�e0K
� � e0K

� 2

:(5.25)

�\�\�p�x
$ 5.8 �p�˜�’�•�h�Û�¿�³�ï�¬�Ú�µ�{��
ü�r�ó�q�à���`�z � M int ; square
HYP �q
¯�G�`�h�{

�Ž	Í�› p(e; e0K + )� 
S� �z 40Ca(e; e0K + )40
� K 
S� �t�m�M�o�‰�7�t�S�\�s�M�z�˜�’�•�h�‹

�›
¯ 5.5 �t�‡�q�Š�h�{�î�M�t�x�Ü (5.19)� (5.24) �x�“�M�t
ì���›�Ë�l�o�M�”�h�Š�z�Ë	Ð�è
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$ 5.9: �Ü (5.17), (5.18) �p���[�`�h � p=p�S�‘�| � � �w
ü
Í�{�U	Z�+
ü�r�ó�t�‘�”�/�)�›�ß�€

�t�Ö�•�o�6�Ï
R�›�S�\�s�l�h�{�f�•�g�•�w
ü
Í�w
R�‹
¶
ï�›�á�ˆ�”�~�¯�S
ü�r�ó�q���[�b�”�{


¯ 5.4: �·�Ó�»�Ü�Ó
t +HRS �S�‘�|�·�Ó�»�Ü�Ó
t +HKS �f�•�g�•�w�«�¶�%�w�á�ˆ�”�~�¯�S
ü

�r�ó

System �y Septum + HRS �y Septum + HKS

� p=p (FWHM) 1:7 � 10� 4 2:6 � 10� 4

� � (FWHM) 0:23 mrad 1:94 mrad

� M int ; square
HYP �x � M int

HYP �q�Ÿ�s�l�o�M�”�U�z�r�w�!
:�U�Û�¿�³�ï�¬�Ú�µ�{��
ü�r�ó�t�è�¹�`

�o�M�”�T�t�m�M�o�w�¦
ª�q�s�”�{

5.4.5 �Ï�”�Ü�M�²�w
S� �:�w
Æ�¬�T�^

5.4.1 �ò�w	�	q 2. �p	\�‚�h�‘�O�t�z�o��
ù�æ�»�x�z
ª�$�¤	ú�p
\
R�`�h�{� �w reference plane

�t�S�Z�”�•�”�~�¯�S	Ø�C�›�,�t�7	–�Ë	Ð�O�t�‘�l�o
\
R�^�•�”�{�°�M�z
ª�$�t�x���v�w�°�ˆ�U

�K�”�w�p�z�µ�Ä�è�ï�´�É�µ
\
R�w
S� �:�x� �Õ�ï�Ä�]�q�t�Ï�”�Ü�M�²�t�
�l�o
Æ�¬�T�^�›�‹

�m�{�„�Z�?� �~ K + �¤��� �U
ª�$�w�r�w�•�”�p
S� �`�h�w�T�›�î�g�t�S�M�o�Ú
€�$�t�Œ�”���x

�s�X�z�o��
ù�æ�»�t�‘�l�o�b�‚�o�w�{� �x
ª�$�¤	ú�•�q�6�Ï
R�^�•�”�{�`�h�U�l�o�Ï�”�Ü�à�M

�²�w
S� �:�w
Æ�¬�T�^�x�z�6�Ï
R�^�•�h�Û�¿�³�ï�¬�Ú�µ�w
ü�r�ó�t�è�¹�›�)�Q�”�{�s�S�z�\�w

�ò�p�x
ª�$�t�S�Z�”�¤�É�ç�ª�”���æ�x�Á�¹�`�h�{


$ 5.10�t�z p(e; e0K + )� 
S� �:�›�Ï�”�Ü�à�M�²�¢ z �M�²�£�t�å�ï�¼�Ü�t	ü�l�h�q�V�w�z
S� �:

�w�•�” z �q�Û�¿�³�ï�¬�Ú�µ�w�����›�Ô�b�{�°�^ 500 mg=cm2 �w CH2 
ª�$�›�>���`�z
S� �:�›

� 2:7 < z < 2:7 [mm] �w
c�“�p�å�ï�¼�Ü�t	ü�l�h�{ z �t
P�l�o�6�Ï
R�`�h�Û�¿�³�ï�¬�Ú�µ�x
Y

�`�M � �{� �w�í�”�T�’�c�•�o�M�X�w�U�˜�T�”�{�\�w�c�•�w�7�G�‹�q�7	–�‹�w�)�› M Matrix
o�set (z)
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¯ 5.5: �Ü (5.19)� (5.24) �p�Ô�`�h�¤�ò�w�Ë� �Í�”�©�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�•�w�/�)

Hyperon/Hypernucleus � � 0 12
� B 40

� K 208
� Tl

AssumedB � [MeV] - - 11:37 17:5 26.0
@MHYP

@pe
� pe

�
keV=c2

�
94:5 88:4 132 135 135

@MHYP
@pe0

� pe0

�
keV=c2

�
� 362 � 333 � 500 � 513 � 518

@MHYP
@pK

� pK
�
keV=c2

�
� 184 � 159 � 281 � 289 � 292

@MHYP
@�ee 0

� � ee0

�
keV=c2

�
� 365 � 339 � 35:9 � 10:9 � 2:1

@MHYP
@�eK

� � eK
�
keV=c2

�
� 2250 � 1920 � 234 � 71:9 � 14

@MHYP
@�e0K

� � e0K
�
keV=c2

�
2270 1930 235 72:2 14

� M int ; square
HYP [keV=c2] 3240 2770 678 613 611

� M int
HYP (FWHM) [keV =c2] 530 480 730 770 800


¯ 5.6: �Ö�ù�?� �Ï�”�Ü�M�²�t�
�l�h
S� �:�w
Æ�¬�T�^�t�‘�”�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�•�w�/�)

Hyperon/Hypernucleus � � 0 12
� B 40

� K 208
� Tl

Length in z [mm] 5:4 5:4 0:57 0:32 0:088

� M Matrix( z)
o�set [keV=c2] 438 373 63 35 17

�q���[�b�”�{

���w
ª�$�t�0�`�o�‹�‰�7�t M Matrix
o�set (z) �›�{�Š�z
¯ 5.6 �t�‡�q�Š�h�{ 
ª�$�°�U 1 mm �Ž�<

�w 12
� B, 40

� K �w M Matrix
o�set (z) �x�z
¶�.�w�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�t�„�q�œ�r�/�)�`�s�M�\�q�U�˜

�T�”�{

5.4.6 
ª�$�t�S�Z�”�¤�É�ç�ª�”���æ�w�/�)

�Ö�ù�?� �~�„�Z�?� �~ K + �¤��� �x
ª�$�¤�p�¤�É�ç�ª�”���æ�›�b�”�{
S� �Ì�t�S�Z�”�Ö�ù�?

� �w�¤�É�ç�ª�” Ee �x�C���+�t�‘�l�o�����^�•�”�¤�É�ç�ª�” E beam
e �‘�“�‹�¤�É�ç�ª�”���æ

� E loss
e �i�Z	–�^�X�s�”�{�°�M�z
S� �Ì�t E beam

e0 , E beam
K �i�l�h�„�Z�?� �~ K + �¤��� �w�¤�É

�ç�ª�”�x�z
ª�$�t�S�M�o � E loss
e0 , � E loss

K �i�Z�¤�É�ç�ª�”���æ�›�`�z reference plane�t�S�M�o

E RP
e0 , E RP

K �w�¤�É�ç�ª�”�›�‹�m�{� �q�`�o�����^�•�” :

Ee = E beam
e � � E loss

e ; (5.26)

Ee0 = E RP
e0 + � E loss

e0 ; (5.27)

EK = E RP
K + � E loss

K : (5.28)

�Û�¿�³�ï�¬�Ú�µ�›�-�‰�b�”�h�Š�t�x�z
ª�$�t�S�Z�”�¤�É�ç�ª�”���æ�›�ß�€�`�z�Ü (5.26)� (5.28)

�w�4
Y�›�b�”
ž�A�U�K�”�{
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$ 5.10: �6�Ï
R�`�h�Û�¿�³�ï�¬�Ú�µ�q�Ï�”�Ü�à�t�
�l�h�µ�Ä�è�ï�´�É�µ
\
R�•�” z �w�����{

p(e; e0K )� �w
S� �:�› � 2:7 < z < 2:7 [mm] �w
c�“�p�å�ï�¼�Ü�t	ü�l�h�{�o��
ù�æ�»�x z = 0

�p�µ�Ä�è�ï�´�É�µ
\
R�U�I�\�l�h�q�>���`�o
\
R�^�•�h�‹�w�s�w�p�z z �U�c�•�”�q�z�Û�¿�³�ï

�¬�Ú�µ�‹
Y�`�M � �{� �w�í�”�T�’�c�•�”�{


$ 5.11: 
ª �$ �t �S �Z �” �Ö�ù �? �  �w �¤ �É �ç �ª �” �� �æ�{ Ee = 4 :5 GeV �w �Ö�ù �? �  �U �° �^

100 mg=cm2 �w 12C 
ª�$�w�¤	ú�p�µ�Ä�è�ï�´�É�µ
\
R�›�I�\�b�q�>���`�h�{�7
Ã�‹�Ù�c�›

�å�ï�¼�¢��
:�p�Ñ�Ÿ�¿�Â�Ÿ�ï�¬�`�h�¢
z
¢�£�{


$ 5.11 �t�z�Þ�ï�Â�§�ç�é�³�Û�á�è�”�³�ã�ï�t�‘�“�˜�’�•�h�z Ee = 4 :5 GeV �w�Ö�ù�?� �w
12C 
ª�$�t�S�Z�”�¤�É�ç�ª�”���æ
ü
Í�›�Ô�b�{�°�^ 100 mg=cm2 �w 12C 
ª�$�w�¤	ú�p�µ�Ä�è

�ï�´�É�µ
\
R�›�I�\�b�q�>���`�h�{�\�w
ü
Í�w�7
Ã�‹�›�z�å�ï�¼�¢��
:�p�Ñ�Ÿ�¿�Â�Ÿ�ï�¬�b�”

�\�q�p�{�Š�z � E loss
e �q�`�h�{ � E loss

e0 , � E loss
K �‹�‰�7�t�`�o�{�Š�z
¯ 5.7 �t�‡�q�Š�h�{


ª�$�t�S�Z�”�{� �w�¤�É�ç�ª�”���æ�t�‘�l�o�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�t�)�Q�”�è�¹�›�Ð�‚�”�{


$ 5.12 �t�z 12C(e; e0K + )12
� B 
S� �w
S� �:�› 12C 
ª�$�¤	ú�t�{���`�h�q�V�w�z�¤�É�ç�ª�”��
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¯ 5.7: �³�Û�á�è�”�³�ã�ï�p�_
u�‹�l�h
ª�$�t�S�Z�”�¤�É�ç�ª�”���æ�w�7
Ã�‹

Hyperon/Hypernucleus � � 0 12
� B 40

� K 208
� Tl

Target CH2 CH2
12C 40Ca 208Pb

Thickness [mg=cm2] 500 500 100 50 100

� E loss
e [keV] 396 396 60 30 45

� E loss
e0 [keV] 399 399 62 30 46

� E loss
K [keV] 484 484 73 33 45


¯ 5.8: 
ª�$�t�S�Z�”�¤�É�ç�ª�”���æ�t�‘�”�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�•�w�/�)

Hyperon/Hypernucleus � � 0 12
� B 40

� K 208
� Tl

Target CH2 CH2
12C 40Ca 208Pb

Thickness [mg=cm2] 500 500 100 50 100

Radiation length [g=cm2] 44:8 44:8 42:7 16:1 6:37

� M eloss
o�set [keV=c2] 660 630 140 70 90

�æ�4
Y
²�™�w�Û�¿�³�ï�¬�Ú�µ�µ�Ö�«�Ä�ç�›�Ô�b�{�s�S�\�w�Û�¿�³�ï�¬�Ú�µ�x�z reference plane

�t�S�Z�”�{� �w	Ø�C�T�’�6�Ï
R�`�h�‹�w�p�x�s�X�z�³�Û�á�è�”�³�ã�ï�p�˜�’�•�”�z
ª�$�t�S�Z

�”�¤�{� �w�á�ˆ�”�Õ�«�Ä�ç�w
��‹�T�’�-�‰�`�h�‹�w�p�K�”�{�¤�É�ç�ª�”���æ�t�‘�l�o�%�w�$�t

200 keV �i�Z�³�Ñ�Ä�`�o�M�h�Ð�”�«�U�z
¯ 5.7 �p�Ô�`�h�‹�p�4
Y�b�”�\�q�t�‘�l�o�z
Y�`�M�Ë

� �Í�”�©�w�í�”
Ç�Ù�t�Ð�”�«�›�q�h�d�”�\�q�U�p�V�h�{

�î�M�t�x�z
S� �:�x�Ö�ù�Ï�”�Ü�à�M�²�p
Æ�¬�T�^�›�‹�m�{�o��
ù�æ�»�t�‘�l�o�z reference

plane �t�S�Z�”�{� �w�•�”�~�¯�S	Ø�C�T�’�\�w
S� �:�›�6�Ï
R�b�”�\�q�x�D�ó�p�K�”�U�z�f�w

�•�”
ü�r�ó�x�z�Š�Z�€�p�>���`�o�M�” 12C, 40Ca 
ª�$�w
ª�$�°�q�‰���S�p�K�” [54]�{�f�w�h�Š

�\�•�’�w
,�M
ª�$�w	Ô�ù�t�x�z� �Õ�ï�Ä�]�q�t
S� �:�›�6�Ï
R�`
ª�$�t�S�Z�”�¤�É�ç�ª�”���æ

�w�4
Y�›�S�\�s�O�\�q�x�É�`�M�{�Š�Z�€�p�x�z
S� �:�w�•�”�t���˜�’�c�z�b�‚�o�w� �Õ�ï�Ä�t

�0�`�o
¯ 5.7 �p�Ô�`�h�‹�›�;�M�o�¤�É�ç�ª�”���æ�w�4
Y�›�S�\�s�l�h�{


$ 5.13 �t�z�µ�Ä�è�ï�´�É�µ
\
R�w
S� �:�›�z
ª�$�w
²�Ø�¢
z�£�z�¤	ú�¢
h�£�z�™�Ø�¢�˜�£�t

�f�•�g�•�{���`�z
¯ 5.7 �p�Ô�`�h�‹�p�4
Y�`�h�™�w�Û�¿�³�ï�¬�Ú�µ�›�Ô�b�{�µ�Ä�è�ï�´�É�µ
\


R�U
ª�$�¤	ú�p�s�M�•�”�p�I�\�l�h	Ô�ù�z	Í	\�w�4
Y�›�S�\�s�l�o�‹
Y�`�M�Ë� �Í�”�©�í�”�›

�˜�”�\�q�x�p�V�s�M�{
z�w
ü
Í�q�˜�w
ü
Í�f�•�g�•�w�Ð�”�«�Ù�c�›�¨�¢�µ��
:�p�Ñ�Ÿ�¿�Â�Ÿ�ï

�¬�`�z�˜�’�•�h�¨�¢�µ
ü
Í�w���É�w�)�› � M eloss
o�set �q���[�b�”�{�Û�¿�³�ï�¬�Ú�µ�x�µ�Ö�«�Ä�é

�Ý�”�»�w
Q�ó�t���˜�’�c�z
ª�$�°�t�I�¼�`�o � M eloss
o�set �i�Z
ï�›�‹�m�{�¤�Ë� �Í�”�©
\
R
S� 

�t�S�Z�” � M eloss
o�set �›
¯ 5.8 �t�‡�q�Š�h�{
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$ 5.12: 
ª�$�t�S�Z�”�¤�É�ç�ª�”���æ�t�‘�”�Û�¿�³�ï�¬�Ú�µ�w�%�w�$�s�³�Ñ�Ä�q�f�w�4
Y�{�µ

�Ä�è�ï�´�É�µ
\
R�w
S� �:�›
ª�$�¤	ú�t�{���`�z
ª�$�t�S�Z�”�{� �w�á�ˆ�”�Õ�«�Ä�ç�w
��‹�T

�’�Û�¿�³�ï�¬�Ú�µ�›�-�‰�`�h�{�4
Y�t�‘�l�o�z
Y�`�M�Ë� �Í�”�©�í�”
Ç�Ù�t�Ð�”�«�U�q�m�‘�O

�t�s�l�h�\�q�U�˜�T�”�{


$ 5.13: 
S� �:�]�q�w�Û�¿�³�ï�¬�Ú�µ�w�%�w�$�s�³�Ñ�Ä�{
z�w
ü
Í�x
ª�$
²�Ø�z
h�w
ü
Í�x�¤

	ú�z�˜�w
ü
Í�x�™�Ø�p�µ�Ä�è�ï�´�É�µ
\
R�U�I�V�h	Ô�ù�w�Û�¿�³�ï�¬�Ú�µ�›�Ô�b�{�4
Y�t�‘�l

�o
h�w
ü
Í�x
Y�`�M�Ë� �Í�”�©�í�”�›�6�q�b�”�U�z
S� �:�U
ª�$�¤	ú�T�’�c�•�h	Ô�ù�x�4
Y�`

�V�•�s�M
ü�i�Z�Û�¿�³�ï�¬�Ú�µ�µ�Ö�«�Ä�ç�x
ï�›�‹�m�{
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$ 5.14: �b�‚�o�w�/�)�›�Ö�•�h�Û�¿�³�ï�¬�Ú�µ�µ�Ö�«�Ä�ç�{�(
$�U 12
� B �,��	Ý�6�z�È
$�U

40
� K �,��	Ý�6�w�µ�Ö�«�Ä�ç�p�K�”�{
z
¢�x�Ñ�¥�”�«�Ä��
:�t�‘�”�Ñ�Ÿ�¿�Â�Ÿ�ï�¬�A�L�p�K�”�{

10000� �Õ�ï�Ä�Ž	Í�w�Ë� �Í�”�©�›
\
R�`�h�h�Š�z�%�w�¡�)�t�‘�”
ü�r�ó�›
°�A�b�”�t�x�w�-

�”�x	G
ü�i�q�M�Q�”�{

5.4.7 �b�‚�o�w�/�)�›	��“�Ö�•�h�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�w�_
u�‹�“

5.4.4� 5.4.6 �ò�p	\�‚�h�b�‚�o�w�/�)�›�Ö�•�h�Ñ�ç�Þ�Ã�ç�³�Û�á�è�”�³�ã�ï�›�S�\�s�l�h�{
$

5.14 �t�z�°�^ 100 mg=cm2 �w 12C 
ª�$�›�>���`�o�˜�’�•�h 12
� B �,��	Ý�6�w�Û�¿�³�ï�¬�Ú�µ�µ

�Ö�«�Ä�ç�z�S�‘�|�°�^ 50 mg=cm2 �w 40Ca 
ª�$�›�>���`�o�˜�’�•�h 40
� K �,��	Ý�6�w�Û�¿�³�ï

�¬�Ú�µ�µ�Ö�«�Ä�ç�›�Ô�b�{�\�w
ü
Í�›�Ñ�¥�”�«�Ä��
:�p�Ñ�Ÿ�¿�Â�Ÿ�ï�¬�`�z�f�w
R�‹
¶
ï�›

�Û�¿�³�ï�¬�Ú�µ
ü�r�ó � M �q�`�h�{���w
ª�$�t�m�M�o�‹ � M �›�{�Š�z
¯ 5.9 �t�‡�q�Š�h�{
¯

�¤�w � M convo �x�z
R�‹
¶
ï � M int
HYP �›�‹�m�¨�¢�µ��
:�z
ï � M Matrix( z)

o�set �›�‹�m�ã����
:�z
ï

� M eloss
o�set �›�‹�m�ã����
:�b�‚�o�w�ù
R
u�t�‘�“�˜�’�•�”
ü
Í�w
R�‹
¶
ï�›
¯�b�{�7	4�$�t�˜

�’�•�h�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�x 5.4.4� 5.4.6 �ò�p	\�‚�h�/�)�›�ß�€�b�”�\�q�p�K�”���S�g�r�p

�V�”�\�q�U�˜�T�l�h�{

�Ž	Í�‘�“�z�Š�î�g�·�¿�Ä�ž�¿�Ó�p�x�0�M�Ë� �Í�”�©�T�’�¤	O�Ë� �Í�”�©�w � �{� ��
1�¤�É

�ç�ª�”�›�z � 1 MeV �w�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�¢�¤�É�ç�ª�”
ü�r�ó�£�p�����D�ó�p�K�”�\�q�U

�˜�T�l�h�{

5.4.8 	)�”�S�‘�|�¤�É�ç�ª�”�¤	ú�>��
^�S

�Š	·�w�7�™�t�z E12-15-008�î�g�t�‘�l�o�z 40
� K �w � �{� ��
1�¤�É�ç�ª�”�›�r�•�i�Z�w
^�S�p

�>���b�”�\�q�U�D�ó�p�K�”�T�^�æ�b�”�{

�o�•�Ì���K�h�“�w�Ë� �Í�”�©	)�” NHYP �x�Í�Ü�p�-�‰�p�V�” :

NHYP = � int � Nbeam � N target �
d�
d


� �
 K � � K : (5.29)



92 �H 5 	· 
ƒ�-�`�h�«�¶�%�w
Q�ó
°�A


¯ 5.9: �³�Û�á�è�”�³�ã�ï�p�_
u�‹�l�h�Û�¿�³�ï�¬�Ú�µ
ü�r�ó

Hyperon/Hypernucleus � � 0 12
� B 40

� K 208
� Tl

Target CH2 CH2
12C 40Ca 208Pb

Thickness [mg=cm2] 500 500 100 50 100

Length in z [mm] 5:4 5:4 0:57 0:32 0:088

� M int
HYP (FWHM) [keV =c2] 530 480 730 770 800

� M Matrix( z)
o�set [keV=c2] 438 373 63 35 17

� M eloss
o�set [keV=c2] 660 630 140 70 90

� M convo [keV=c2] 750 690 740 770 800

� M (FWHM) [keV =c2] 850 800 910 960 960

�\�\�p�z Nbeam �x�o�•�Ì���K�h�“�w�Ö�ù�?� 
:�z N target �x�o�•�Ø
u�K�h�“�w
ª�$�{� 
:�z d�
d


�x�Ë� �Í�”�©
\
R�…�Ø
u�›
¯�b�{ 40Ca(e; e0K + )40
� K 
S� �t�0�`�o�x�z�Ï�”�Ü�§�S�x 50� A �z


ª�$�°�x 50 mg=cm2�z 40
� K �,��	Ý�6�w
\
R�…�Ø
u�x 10 nb=sr �›�>���`�h�{�‡�h�z�Ü (5.29) �¤

�w���w�!
:�w�™�¯�x�Í�w�q�S�“�p�K�”�{

integrated virtual photon 
ux � int

� int �x HRS �p \ �ž�«�·�Ó�Ä " �^�•�h�„�Z�?� �K�h�“�w�>
Ý�«� 
:�›
¯�b�¢�Ü (5.2)�£�{

5.3 
…�p	\ �‚ �h�‘ �O�t �z�Š�Z�€�w�Þ�ï �Â�§�ç�é�³ �Û�á�è�” �³ �ã�ï �t �‘ �l �o � int =

(2:96� 0:11) � 10� 5 [=electron] �q�M�O�A�L�›�˜�h�{

HKS �q�.�¯�ž�«�·�Ó�»�ï�µ �
 K


$ 5.5 �T�’�z�Š�Z�€�p�S�\�s�l�h�Þ�ï�Â�§�ç�é�³�Û�á�è�”�³�ã�ï�w�A�L�z�¤	ú�á�ˆ�”

1:2 GeV=c �t�S�Z�”�q�.�¯�ž�«�·�Ó�»�ï�µ�x � 3:2 msr �p�K�l�h�{ 1:05-1:35 GeV=c �w

�á�ˆ�”�–�¬�t�0�`�o�„�q�œ�r�°�7�s�ž�«�·�Ó�»�ï�µ�›�‹�m�\�q�T�’�z �
 K = 3 :2 msr

�q�`�o	)�”�-�‰�›�S�\�s�l�h�{

K + �¤��� �w
\���p � K

�«���› c�zK + �¤��� �w	#�Ë�› � �q�S�X�q�z c� � 3:7 m �p�K�”�{�°�M�z HKS �w�Ä�æ�¨�”

�§�¢�ï�»�”�p�K�”�³�ï�½�è�”�³�ã�ï�U	Z�+ KTOF2X �‡�p�w
ˆ�æ�‘�m x �x � 12:2 m �p

�K�”�{�`�h�U�l�o�z
ª�$�p
\
R�^�•�h K + �¤��� �w�O�j�z�Ä�æ�¨�”�t�T�T�”
²�t���w�{

� �t�H�u�b�”�Â�ù�x�Á�¹�p�V�s�M���S�p�K�”�{ K + �¤��� �w
\���p�x�Í�Ü�p�{�Š�h :

� K = exp
�

�
x

�
c�

�
(5.30)

�\�\�p�z � �x K + �¤��� �w���S�›
¯�`�z 
 = 1=
p

1 � � 2 �p�K�”�{�á�ˆ�”�› HKS �ž�«
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¯ 5.10: �'
Ý�^�•�”�Ë� �Í�”�©�w	)�”

Hypernucleus 12
� B 40

� K

Target 12C 40Ca

Thickness [mg=cm2] 100 50

Integrated virtual photon 
ux � int [=electron] 2:96� 10� 5 2:96� 10� 5

Beam intensity [� A] 100 50

Cross section d�
d
 [nb=sr] 100 10

HKS acceptance �
 K [msr] 3:2 3:2

K + survival ratio � K 0:26 0:26

Yield NHYP [=s] 7:70� 10� 3 5:77� 10� 5

Yield NHYP [=100 hour] 2:77� 103 20:8


$ 5.15: 200�Ì���w�Ï�”�Ü�»� �Ü�p�˜�’�•�” 40
� K �,��	Ý�6�w�'
Ý�Û�¿�³�ï�¬�Ú�µ�µ�Ö�«�Ä�ç�{

�°�^ 50 mg=cm2 �w 40Ca 
ª�$�t 50� A �w�?� �Ï�”�Ü�› 200 �Ì��	°�ù�b�”�q�>���`�h�{�Ñ�Ÿ�¿

�Â�Ÿ�ï�¬�t�‘�”�¤	ú�>��
^�S�x � = 104 keV=c2 �p�K�”�{

�·�Ó�»�ï�µ�w�¤	ú�á�ˆ�” 1:2 GeV=c �q�b�”�q�z � K � 0:26 �U�˜�’�•�”�{

�Ž	Í�w
:�‹�›�,�t�z E12-15-008�î�g�p�'
Ý�^�•�”	)�”�›�_
u�‹�“�z
¯ 5.10�t�‡�q�Š�h�{ 200

�Ì���w�Ï�”�Ü�»� �Ü�›�>���b�”�q�z 40
� K �w	)�”�x�ÿ 40 �x�p�K�”�q�_
u�‹�’�•�”�{
$ 5.15 �t�z


$ 5.14 �È
$�t�Ô�`�h�Û�¿�³�ï�¬�Ú�µ�µ�Ö�«�Ä�ç�T�’ 40 � �Õ�ï�Ä�›�Á�^�•�t�¨	Z�`�h�Î�µ�Ä�¬

�å�Ü�›�Ô�b�{
z
¢�x�Ñ�¥�”�«�Ä��
:�›�;�M�h�7�ì�O�Ñ�Ÿ�¿�Â�Ÿ�ï�¬�A�L�›
¯�b�{�Ñ�Ÿ�¿�Â�Ÿ�ï

�¬�t�‘�”�¤	ú�>��
^�S�x�z�w�-�¡�)�T�’ � = 104 keV=c2 �p�K�”�\�q�U�˜�T�l�h�{�\�•�x�í�”


:�U�G�V�X�Ÿ�s�” 12
� B �p�‹�‰���S�p�K�”�{�‘�l�o�Š�î�g�·�¿�Ä�ž�¿�Ó�t�‘�“�z 40

� K, 48
� K �w �

�{� ��
1�¤�É�ç�ª�”�› � 100 keV �w�¤	ú�>��
^�S�p�����D�ó�p�K�”�q�8�4�^�•�”�{
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�H 6 	· �‡�q�Š�q���™�w�]�J

� NN 3 �.�—�w�ž� �¹�µ�Ð�ï�‘��
Q�Z�€�w�h�Š�w�Í
H�E (e; e0K + ) 
S� � �Ë� �Í�”�©
ü�«�î

�g�p�–�;�b�”�·�Ó�»�Ü�Ó
t�w
ƒ�-�›�S�\�s�l�h�{

�^
R�`�h�·�Ó�»�Ü�Ó
t�Þ�Ã�ç�w 3 �Í�i�Ó	Ô�-�‰�›�S�\�s�M�z�Ó	Ô�Ú�¿�Ó�›�^
R�`�h�{�\�w�Ó

	Ô�Ú�¿�Ó�›�x�a�Š�z�Š�î�g�·�¿�Ä�ž�¿�Ó�p�K�”�·�Ó�»�Ü�Ó
t�~ HRS�~HKS �%�b�‚�o�› Geant4

�¯�”�Å	Í�t���[�`�z�‘�“�q�î�$�s�³�Û�á�è�”�³�ã�ï�›�S�\�s�O�h�Š�w���¥�›
T�Q�h�{�Þ�ï�Â�§

�ç�é�³�Û�á�è�”�³�ã�ï�t�‘�l�o�µ�Ö�«�Ä�é�Ý�”�»�w�ž�«�·�Ó�»�ï�µ�•�á�ˆ�”�~�•�”�~�¯�S
ü�r

�ó�s�r�›
z�±�~�U�|�`�z�Š�î�g�w�A�{
Q�ó�›�¬�h�b�·�Ó�»�Ü�Ó
t�w
ƒ�-�›�S�\�s�l�h�{

�Š�Z�€�º�p�7	4�$�t�˜�h�·�Ó�»�Ü�Ó
t�~ HRS�~ HKS �«�¶�%�t�‘�•�y�z
²�s�î�g�¢ E05-115

�î�g�£�w�ÿ 2 
��w�¤�É�ç�ª�”�›�‹�m�Ö�ù�?� �Ï�”�Ü�›�;�M�”�Š�î�g�p�‹�z�0�M�Ë� �Í�”�©�T�’

�¤	O�Ë� �Í�”�©�t�0�`�o�z � 1 MeV �w�ô
ü�r�ó�����U�a
R�p�V�”�q�8�4�^�•�”�{�‡�h�z�°�^

50 mg=cm2 �w 40Ca 
ª�$�t 50� A �w�?� �Ï�”�Ü�› 200 �Ì��	°�ù�b�”�q�z�ÿ 40 �x�w 40
� K �›�U

	Z�D�ó�p�K�”�q�_
u�‹�l�h�{�\�w�Ï�”�Ü�»� �Ü�t�‘�l�o�z 40
� K, 48

� K �,��	Ý�6�w � �{� ��
1�¤

�É�ç�ª�”�› 1� � 100 keV �w�¤	ú�>��
^�S�p�����D�ó�p�K�”�\�q�U�˜�T�l�h�{�‘�l�o�z�A�{
Q

�ó�›�¬�h�b�·�Ó�»�Ü�Ó
t�w
ƒ�-�t
R�­�`�h�{

���™�w�]�J�›�Ž�<�t�•�[�”�{

ˆ �‘�“�é�.�$�s�·�Ó�»�Ü�Ó
t�w
ƒ�-

�Š�Z�€�p
ƒ�-�`�h�·�Ó�»�Ü�Ó
t�p�7�‹�~
³�b�‚�V�]�J�x�q�.�¯�ž�«�·�Ó�»�ï�µ�w�¬�-�p

�K�”�{ E05-115�î�g�q
z�±�b�”�q�z�„�Z�?� ���x�ÿ 0.7 
��z K + �¤��� ���x�ÿ 0.5 
��q

�.�¯�ž�«�·�Ó�»�ï�µ�x	–�^�M�{�·�Ó�»�Ü�Ó
t�w�7�G�Ó	Ô�›	Í�[�”�\�q�U�p�V�•�y�z�µ�Ö

�«�Ä�é�Ý�”�»�›�‘�“
ª�$���Ù�X�t
ƒ�”�b�”�\�q�U�D�ó�q�s�”�h�Š�ž�«�·�Ó�»�ï�µ�x�s
î

�b�”�{�‡�h�z�Ó�Ã��	Ý�›�»
É�`�Ó	Ô�w�°�7
Q�›�ô�Š�”�\�q�p�z�‘�“�¿
c�“�w�{� �›�µ�Ö

�«�Ä�é�Ý�”�»�•��
ù�p�V�”�q�ß�Q�’�•�”�{�w�-�”�›
ÿ�•�b�\�q�U�p�V�•�y�z�^�’�t
^�S

�‘�X�Ë� �Í�”�©�w � �{� ��
1�¤�É�ç�ª�”�›�����p�V�”�‘�O�t�s�”�{

ˆ �Ï�”�Ü�å� �ï	Í�w�Ó�>	����;�Ï�w
ƒ�-

�Š�Z�€�p
ƒ�-�`�h�·�Ó�»�Ü�Ó
t�p�x�z�Ï�”�Ü�å� �ï�›	*�“�w�Ù�•�Ó	Ô�T�’	G
ü�t�Ó�>	�

���b�”�\�q�U�p�V�s�T�l�h�{�Ó�Ã���t�x�7���·�Ó�»�Ü�Ó
t�‘�“�‹�§�M�Ó	Ô�U��
R�^�•�”

�h�Š�z�Ó�>	����;�Ï�›�°�T�’�_�Ú�b
ž�A�U�K�”�{	����U���É�p�K�•�y�z�·�Ó�»�Ü�Ó
t�™

�M�t�4
Y�;�?�Ó
t�›
ƒ�”�b�”�\�q�‹�U�|�b�‚�V�p�K�”�{
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ˆ HKS �t���Ö�b�”�E�?� �Ì�¿�«�¬�å�¢�ï�Å�w�_
u�‹�“

�Ö�ù�?� �U
ª�$�º�p�I�\�b
M�ˆ�L�ù�t�I�¼�`�o�z�G�”�w�?� �~�E�?� �U
\
R�^�•�”�{�a

�ˆ�S�\�s�l�h (e; e0K + ) 
S� 
ü�«�î�g�p�x�E�?� �w�°
æ�U HKS �U	Z�+�%�‡�p�x�a�`�z

�G�”�w 2 �Í�{� �›
C
\�^�d
����s�Ì�¿�«�¬�å�¢�ï�Å�q�s�l�h�{�Ò
²�M�–�¬�w�Ó	Ô�›	���

�b�”�\�q�U�D�ó�q�s�”�·�Ó�»�Ü�Ó
t�›�;�M�”�\�q�p�z�\�O�`�h�Ì�¿�«�¬�å�¢�ï�Å�›�G
ï

�t�n�’�b�\�q�U�p�V�”�q�8�4�^�•�”�{�`�T�`�s�U�’�z�¤	O�Ë� �Í�”�©�›�{�O�Š�î�g�t�S

�M�o�x�z�Ì�¿�«�¬�å�¢�ï�Å�›	Ä�I�t�_
u�‹�“�z S/N 
z�w�‘�M�����U�D�ó�p�K�”�\�q�›�î

�g
²�t�-	Ë�`�o�S�X�\�q�U
ž
"�p�K�”�{
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	��Ù

�Š�Z�€�›
1�æ�`	.�œ�æ���q�`�o�‡�q�Š�”�\�q�U�p�V�h�w�x�z���X�w�M�‘�w�]�§�	�q�]�¦�‹�w

�S�T�[�p�b�{	ú�‘�“�ò	�
��`	Í�[�‡�b�{

�¦�‹�­�»�p�K�”�¤���)�­	$�t�x�z�Z�€
¶
`�t�I�l�o���G�s�]�¦�‹�›�M�h�i�V�‡�`�h�{�–	?�w
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Ç�å A OPERA-3D modeller�t�S�Z�”�·�Ó�»

�Ü�Ó
t 3 �Í�i�Þ�Ã�ç�w�Ý�¿�³�á
ü�Â

TOSCA �-�‰�t�S�M�o�7�‹�¼�æ�h�¡�`�h�w�U�Ý�¿�³�á
ü�Â�p�K�”�{�Ý�¿�³�á
ü�Â�›�I�T�X�b

�”�„�r�-�‰
^�S�x�²	Í�b�”�{�`�T�`�z�·�Ó�»�Ü�Ó
t�w�Ó�Ã�•�Ó�>	����;�Ï�x
ó�v�p�I�T�s��	Ý

�›�`�o�M�”�\�q�U�j�¼�p�z�I�T�X�Ý�¿�³�á
ü�Â�`�‘�O�q�b�”�q�¤�å�”�t�s�l�o�`�‡�O�{

OPERA-3D modeller �t�S�Z�”�Ý�¿�³�á
ü�Â�w�M�t�x�Ž�<�w�:�t�y�™�`�h�{

ˆ �Ï
R�A
É (volume) �›�s�”�‚�X�I�T�X
ü�Â�b�”

�Ý�¿�³�á
ü�Â�x�'�Š
ü�Z�’�•�h volume �]�q�t�S�\�s�˜�•�”�{ volume1 �m 1 �m�U�G�V�M

�q�Ý�¿�³�á�›
ü�Â�b�”�×���S�U�G�V�X�s�”�h�Š�z�-�‰�t�Ì���U�T�T�”	Í�t�z�r
s
Æ�ó�q

�s�l�o�¤�å�”�t�s�l�o�`�‡�O�{�f�\�p�z�î�M�x 1 �m�w volume �p�K�l�o�‹�z 3 �Í�i CAD

�Þ�Ã�ç�›�^
R�b�”�M�t�'�Š�M�X�m�T�t
~�“
ü�Z�h�{�›�t volume �w	*�“�›
ô�O AIR �¢
�

�í�£�x�z 1 �%�U . 1 m �q�s�”�‘�O�t�I�T�X
~�“
ü�Z�o�T�’�Ý�¿�³�á
ü�Â�›�S�\�s�l�h�{

ˆ �Ý�¿�³�á�±� �¶�w�G�V�s�!�=�›
†�Z�”

modeller �t�S�M�o�z�Ý�¿�³�á
ü�Â�›�S�\�s�O
²�t�z�¤ volume �]�q�t�Ý�¿�³�á�w 1 �%

�w�7�G�‹�¢�Ý�¿�³�á�±� �¶�£�›�¦���b�”�{�¡�“�ù�O volume �‰�œ�p�\�w�Ý�¿�³�á�±� �¶

�U�G�V�X�Ÿ�s�”�q�z�¥�„�Ø�p�w�Ý�¿�³�á�w
€���U�&
~�t�æ�˜�•�c�t�¤�å�”�t�s�l�o�`

�‡�O�{

�Ž	Í�w�:�t�y�™�`�Ý�¿�³�á
ü�Â�›�S�\�s�l�h�7� �›
$ A.1 �t�Ô�b�{ volume �›
ô�O AIR �x�z

�Ý�¿�³�á�±� �¶�w�x�9�s�!�=�›
†�Z�”�h�Š�t�Ö�•� 	Ý�t�`�h�{�·�Ó�»�Ü�Ó
t�~�Ó�>	����;�Ï�~

AIR �›���Š�h�b�‚�o�w volume �w�ù�-�x�ÿ 300 �x�p�K�l�h�{
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$ A.1: OPERA-3D modeller �t�S�Z�”�Ý�¿�³�á
ü�Â�w�7� 
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Ç�å B Geant4�t�S�Z�” 3 �Í�i CAD�Þ�Ã�ç

�w�¡�ˆ	��“

B.1 CAD �Ã�”�»�› STEP ���Ü�t�!�õ

Autodesk �þ�w Inventor[58] �p�^
R�`�h 3 �Í�i CAD �Ã�”�»�¢
$ B.1�£�›�¤���Ñ�•� �ç���Ü�p

�K�” STEP ���Ü�t�!�õ�`�h�{


$ B.1: Inventor 	Í�p�^
R�`�h�~���™�·�Ó�»�Ü�Ó
t�w 3 �Í�i CAD �Þ�Ã�ç

B.2 STEP ���Ü�› GDML ���Ü�t�!�õ

Geant4 �p�x STEP ���Ü�Ñ�•� �ç�›�Ú
€�¡�ˆ���‰�\�q�U�p�V�s�M�h�Š�z GDML (Groton Data

Manipulation Language) ���Ü�t�!�õ�b�”
ž�A�U�K�”�{�Š�Z�€�p�x FASTRAD[59] �w�¼�;
[

�›�;�M�o STEP/GDML �!�õ�›�S�\�s�l�h�¢
$ B.2�£�{�¼�;
[�p�x�¡�ˆ���Š�” volume�¢�Í�”

�À�£�w
:�U 20 �x�°�¬�t
M�v�^�•�o�M�”�U�z�´�¦�Ý�Ä�æ�›�M�X�m�T�t
ü�Â�`�z�7�™�t Geant4

	Í�p�w�ù�b�”�\�q�p�ð�J�s�X�–�;�p�V�”�{
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$ B.2: FASTRAD �w� �ï�»�Ñ�£�”�µ�{
ž
"�p�x�s�M�U�z�¤�Í�”�À�]�q�t�&�p�s�Ê
²�›�m�Z�o

���g�b�”�{

B.3 Geant4 �t�S�Z�” GDML ���Ü�w�¡�ˆ	��“

Geant4 �å� �Ò�å�æ�t�x GDML ���Ü�›�¡�ˆ���‰�h�Š�w�«�å�µ�¢ G4GDMLParser �s�r�£�U��

�™�^�•�o�M�”�{�¡�ˆ���œ�i GDML �Ñ�•� �ç�]�q�t World �2
ª�U���[�^�•�”�h�Š�z�f�w�‡�‡

�p�x
ó
:�w GDML �Ñ�•� �ç�› 1 �m�w World �2
ª	Í�t���[�b�”�\�q�x�p�V�s�M�{�f�\�p�b�‚

�o�w�Í�”�À�› G4LogicalVolume �t
ü�Â�`�z 1 �m�w World �2
ª�%�p�6
��”�b�”�\�q�p�¡�ˆ���‰

�\�q�U�p�V�h�{�s�S�z GDML �Ñ�•� �ç�º�t�G	\�^�•�o�M�” \solid", \volume", \physvol" �s

�r�›���[�b�”�!
:�x�z World �2
ª�%�t
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Ç
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$ B.3 �w�(
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$ B.3 �w�È
$�t�z GDML ��
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t�Þ�Ã�ç�›�Ô�b�{
ó�v�s��	Ý�p�K�l�o
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°

�A�b�”�\�q�U�D�ó�q�s�”�{


$ B.3: G4Box �s�r�w�«�å�µ�p���[�`�h�·�Ó�»�Ü�Ó
t�Þ�Ã�ç�¢�(
$�£�q�z GDML ���Ü�›�¡�ˆ

	��l�o���[�`�h�·�Ó�»�Ü�Ó
t�Þ�Ã�ç�¢�È
$�£
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Ç�å C TRANSPORT�-�‰�p�;�M�h input
card

C.1 �·�Ó�»�Ü�Ó
t +HRS �%�w input card �q�˜�’�•�h beam

envelop

/HRS for E12 -15 -008 19 OCT 2017 , R12=R34 by Aida /
0
1. 0.01 60. 0.01 30. 0 4.5 3.0296 /BEAM/ ;
-17. /SEC1 / ;
16. 7. 0.45 /K1 / ;
16. 8. 2.8 /K2 / ;
16. 3. 1. / eMas / ;
16. 25. .209 / I1 / ;
16. 26. -0.0768 / I2 / ;
16. 27. 0.0552 / I3 / ;

3. 1.0881 /DRF1 / ;
16. 4. 10. /WSEP/ ;
16. 5. 10. / gSEP / ;
20. -90. / LEFT / ;
2. -7. /FSEO/ ;
4. 0.8882 11.377 0. /SEP/ ;
2. 6.94 / BSEP/ ;
20. 90. / LEFT / ;

3. 0.41045 /DRF2 / ;
2. 1000. ;
5.01 0.80 12.465 15. /Q1/ ;
2. 1000. ;
-10.2 1. 1. 15. 0.1 /XQ1e / ;
-10.2 3. 3. 15. 0.1 /YQ1e / ;
3. 1.25 / DRF3 / ;
-10.2 1. 1. 30. 0.1 /XQ2i / ;
-10.2 3. 3. 30. 0.1 /YQ2i / ;
2. 1000. ;
5.02 1.80 -10.5 30. /Q2/ ;
2. 1000. ;
-10.2 1. 1. 30. 0.1 /XQ2e / ;
-10.2 3. 3. 30. 0.1 /YQ2e / ;

3. 4.42 / DRF4 / ;
-10.2 1. 1. 46.19 0.1 /XMDi / ;
-10.2 3. 3. 12.5 0.1 /YDi / ;
-10.2 4. 4. 20. 0.1 /YpDi / ;
16. 4. 46.19 /WDip / ;
16. 5. 12.5 /gDip / ;
2. -30. / FDip / ;
4. 6.597 12.03 -1.25 /HRSD/ ;
2. -30. / BDip / ;
-10.2 1. 1. 46.19 0.1 /XMDe / ;
-10.2 3. 3. 12.5 0.1 /YDe / ;
3. 1.50 / DRF5 / ;

-10.2 1. 1. 30. 0.1 /XQ3i / ;
-10.2 3. 3. 30. 0.1 /YQ3i / ;
2. 1000. ;
5.03 1.80 -10.5 30. /Q3/ ;
2. 1000. ;
-10.2 1. 1. 30. 0.1 /XQ3e / ;
-10.2 3. 3. 30. 0.1 /YQ3e / ;
3. 3.7375 /FPLN/ ;
16. 15. -70. /TILT / ;
3. 0.0 ;
13. 4. ;
16. 15. 70. ;
3. 0.0 ;
16. 15. 0. ;
-10. -1. 2. 0.0 0.01 /R12 / ;
-10. -3 4 0.0 0.01 /R34 / ;
SENTINEL
1
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-17. /SEC1 / ;
10.2 /XQ1e / ;
10.2 /YQ1e / ;
10.2 /XQ2i / ;
10.2 /YQ2i / ;
10.2 /XQ2e / ;
10.2 /YQ2e / ;
10.2 /XMDi / ;
10.2 /YDi / ;
10.2 /YpDi / ;
10.2 /XMDe / ;
10.2 /YDe / ;
10.2 /XQ3i / ;
10.2 /YQ3i / ;
10.2 /XQ3e / ;
10.2 /YQ3e / ;
10. /R12 / ;
10. /R34 / ;
SENTINEL
/* PLOT */
1
17. /SEC1 / ;
5.00 /Q1/ ;
5.00 /Q2/ ;
10.2 /XQ1e / ;
10.2 /YQ1e / ;
10.2 /XQ2i / ;
10.2 /YQ2i / ;
10.2 /XQ2e / ;
10.2 /YQ2e / ;
10.2 /XMDi / ;
10.2 /YDi / ;
10.2 /YpDi / ;
10.2 /XMDe / ;
10.2 /YDe / ;
10.2 /XQ3i / ;
10.2 /YQ3i / ;
10.2 /XQ3e / ;
10.2 /YQ3e / ;
10. /R12 / ;
10. /R34 / ;
SENTINEL
SENTINEL


$ C.1: TRANSPORT �-�‰�p�˜�’�•�h�·�Ó�»�Ü�Ó
t +HRS �%�w beam envelope

C.2 �·�Ó�»�Ü�Ó
t +HKS �%�w input card �q�˜�’�•�h beam

envelop

/HKS for E12 -15 -008 3 Nov 2017 , R12=R34 by Aida /
0
1. 0.01 40. 0.01 20. 0 12.5 1.2 /BEAM/ ;
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-17. /SEC1 / ;
16. 7. 0.45 /K1 / ;
16. 8. 2.8 /K2 / ;
16. 3. 966.7508 /KMas / ;
16. 25. .209 / I1 / ;
16. 26. -0.0768 / I2 / ;
16. 27. 0.0552 / I3 / ;

3. 1.1131 /DRF1 / ;
16. 4. 10. /WSEP/ ;
16. 5. 10. / gSEP / ;
2. -14. / FSEO/ ;
4. 0.905404 11.57 0. /SEP/ ;
2. 29. /BSEP/ ;

3. 0.40 / DRF2 / ;
2. 1000. ;
5.01 0.84 7.92 12. /Q1/ ;
2. 1000. ;
-10.2 1. 1. 12. 0.01 /XQ1e / ;
-10.2 3. 3. 12. 0.5 /YQ1e / ;
3. 0.3 /DRF3 / ;
-10.2 1. 1. 14.5 0.1 /XQ2i / ;
-10.2 3. 3. 14.5 0.1 /YQ2i / ;
2. 1000. ;
5.02 0.6 -6.0755 14.5 /Q2/ ;
2. 1000. ;
-10.2 1. 1. 14.5 0.1 /XQ2e / ;
-10.2 3. 3. 14.5 0.1 /YQ2e / ;

3. 0.4 /DRF4 / ;
-10.2 1. 1. 40. 0.1 /XMDi / ;
-10.2 3. 3. 12.5 0.1 /YDi / ;
16. 4. 40. /WDip / ;
16. 5. 12.5 /gDip / ;
2. 0.0 ;
4. 3.2535 15.03 0. /HRSD/ ;
2. 0.0 ;
-10.2 3. 3. 12.5 0.1 /YDe / ;

3. 2.3704 /FPLN/ ;
16. 15. -70. /TILT / ;
3. 0.0 ;
13. 4. ;
16. 15. 70. ;
3. 0.0 ;
16. 15. 0. ;

-10.2 1. 1. 60. 0.1 /XFP/ ;
-10. -1. 2. 0.0 0.005 /R12 / ;
-10. -3 4 0.0 0.01 /R34 / ;
SENTINEL

1
-17. /SEC1 / ;
10.2 /XQ1e / ;
10.2 /YQ1e / ;
10.2 /XQ2i / ;
10.2 /YQ2i / ;
10.2 /XQ2e / ;
10.2 /YQ2e / ;
10.2 /XMDi / ;
10.2 /YDi / ;
10.2 /YDe / ;
10.2 /XFP/ ;
10. /R12 / ;
10. /R34 / ;
SENTINEL

/* PLOT */
1
17. /SEC1 / ;
10.2 /XQ1e / ;
10.2 /YQ1e / ;
10.2 /XQ2i / ;
10.2 /YQ2i / ;
10.2 /XQ2e / ;
10.2 /YQ2e / ;
10.2 /XMDi / ;
10.2 /YDi / ;
10.2 /YDe / ;
10.2 /XFP/ ;
10. /R12 / ;
10. /R34 / ;
SENTINEL
SENTINEL
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$ C.2: TRANSPORT �-�‰�p�˜�’�•�h�·�Ó�»�Ü�Ó
t +HKS �%�w beam envelope
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Ç�å D �Ö�ù�?� �¤�É�ç�ª�”
ü�r�ó�w�Û�¿�³

�ï�¬�Ú�µ
ü�r�ó�•�w�/�)

5 �p�x�z CEBAF �C���+�U�™�…�b�”�Ö�ù�?� �w�¤�É�ç�ª�”
ü�r�ó�x � Ee=Ee = 3 :0 � 10� 5

(FWHM) �q�>���`�o�z�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�s�›
°�A�`�h�{�i�U 5.4.4 �ò�p	\�‚�h�‘�O�t�z

12GeV upgrade
²�™�p�Ï�”�Ü�w�†��
Q�U�!�˜�l�h�D�ó
Q�U�ß�Q�’�•�”�{�f�\�p�z � Ee=Ee =

3:0� 10� 5; 1:0� 10� 4; 2:0� 10� 4 (FWHM) �f�•�g�•�w	Ô�ù�›
Ý���`�z � M int
HYP �t�r�•�i�Z�è

�¹�b�”�T�›
z�±�p�V�”�‘�O�t�z
¯ D.1� D.3 �t�‡�q�Š�h�{�\�•�’�‘�“�z�Ö�ù�?� �¤�É�ç�ª�”
ü�r

�ó�U�7	4�$�s�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�›
M�v�`�s�M�h�Š�t�x�z	—�s�X�q�‹ � Ee=Ee � 1:0� 10� 4

(FWHM) �p�K�”�\�q�›�î�g
²�t�-	Â�b�”
ž�A�U�K�”�\�q�U�˜�T�”�{


¯ D.1: �Ü (5.19)� (5.24) �p �Ô �` �h �¤ �ò �w �Ë �  �Í �” �© �Û �¿ �³ �ï �¬ �Ú �µ 
ü �r �ó �• �w �/ �)

�¢ � Ee=Ee = 3 :0 � 10� 5 (FWHM) �w�q�V�£

Hyperon/Hypernucleus � � 0 12
� B 40

� K 208
� Tl

AssumedB � [MeV] - - 11:37 17:5 26.0
@MHYP

@pe
� pe

�
keV=c2

�
94:5 88:4 132 135 135

@MHYP
@pe0

� pe0

�
keV=c2

�
� 362 � 333 � 500 � 513 � 518

@MHYP
@pK

� pK
�
keV=c2

�
� 184 � 159 � 281 � 289 � 292

@MHYP
@�ee 0

� � ee0

�
keV=c2

�
� 365 � 339 � 35:9 � 10:9 � 2:1

@MHYP
@�eK

� � eK
�
keV=c2

�
� 2250 � 1920 � 234 � 71:9 � 14

@MHYP
@�e0K

� � e0K
�
keV=c2

�
2270 1930 235 72:2 14

� M int ; square
HYP [keV=c2] 3240 2770 678 613 611

� M int
HYP [keV=c2] (FWHM) 530 480 730 770 800
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¯ D.2: �Ü (5.19)� (5.24) �p �Ô �` �h �¤ �ò �w �Ë �  �Í �” �© �Û �¿ �³ �ï �¬ �Ú �µ 
ü �r �ó �• �w �/ �)

�¢ � Ee=Ee = 1 :0 � 10� 4 (FWHM) �w�q�V�£

Hyperon/Hypernucleus � � 0 12
� B 40

� K 208
� Tl

AssumedB � [MeV] - - 11:37 17:5 26.0
@MHYP

@pe
� pe

�
keV=c2

�
315 295 439 448 452

@MHYP
@pe0

� pe0

�
keV=c2

�
� 362 � 333 � 500 � 513 � 518

@MHYP
@pK

� pK
�
keV=c2

�
� 184 � 159 � 281 � 289 � 292

@MHYP
@�ee 0

� � ee0

�
keV=c2

�
� 365 � 339 � 35:9 � 10:9 � 2:1

@MHYP
@�eK

� � eK
�
keV=c2

�
� 2250 � 1920 � 234 � 71:9 � 14

@MHYP
@�e0K

� � e0K
�
keV=c2

�
2270 1930 235 72:2 14

� M int ; square
HYP [keV=c2] 3260 2780 797 748 748

� M int
HYP [keV=c2] (FWHM) 630 570 940 970 940


¯ D.3: �Ü (5.19)� (5.24) �p �Ô �` �h �¤ �ò �w �Ë �  �Í �” �© �Û �¿ �³ �ï �¬ �Ú �µ 
ü �r �ó �• �w �/ �)

�¢ � Ee=Ee = 2 :0 � 10� 4 (FWHM) �w�q�V�£

Hyperon/Hypernucleus � � 0 12
� B 40

� K 208
� Tl

AssumedB � [MeV] - - 11:37 17:5 26.0
@MHYP

@pe
� pe

�
keV=c2

�
630 590 877 897 903

@MHYP
@pe0

� pe0

�
keV=c2

�
� 362 � 330 � 500 � 513 � 516

@MHYP
@pK

� pK
�
keV=c2

�
� 184 � 160 � 281 � 289 � 295

@MHYP
@�ee 0

� � ee0

�
keV=c2

�
� 365 � 340 � 35:9 � 10:9 � 2:1

@MHYP
@�eK

� � eK
�
keV=c2

�
� 2250 � 1920 � 234 � 71:9 � 14

@MHYP
@�e0K

� � e0K
�
keV=c2

�
2270 1930 235 72:2 14

� M int ; square
HYP [keV=c2] 3300 2830 1100 1080 1080

� M int
HYP [keV=c2] (FWHM) 830 820 1280 1180 1420
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Ç�å E 40
� K �,��	Ý�6�Û�¿�³�ï�¬�Ú�µ
ü�r�ó

�w 40Ca 
ª�$�°�‘��
Q

5 	·�p�x�z�–�;�b�” 40Ca 
ª�$�w�°�^�x 50 mg=cm2 �q�>���`�o�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�•

	)�”�›
°�A�`�h�{�`�T�`
¯ 5.9 �T�’�˜�T�”�‘�O�t�z�µ�Ö�«�Ä�é�Ý�”�»
ü�r�ó�q
z�±�`�o�z


ª�$�U���v�w�°�ˆ�›�Ë�m�\�q�t�I�¼�b�”�7	4�$�s�Û�¿�³�ï�¬�Ú�µ
ü�r�ó � M �•�w�/�)�x�z

	G
ü	–�^�M�{�`�h�U�l�o�\�•�Ž	Í
ª�$�›�°�X�`�o�‹�ð�J�U�s�M�q�M�Q�”�{�°�M�p�z�›�t�ñ

	V�`�h 48Ca 
ª�$�x
‡	×�t�ô�A�p�K�”�h�Š�z � 150 mg=cm2 ���S�U�q�î�$�p�K�”�{�f�\�p�z

50; 100; 150; 800 mg=cm2 �›�f�•�g�•
Ý���`�h	Ô�ù�w�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�~	)�”�›
¯ E.1,

E.2 �t�‡�q�Š�h * 1�{�\�•�’�‘�“�z � 150 mg=cm2 ���S�w�°�ˆ�p�K�•�y�‰���S�w�Û�¿�³�ï�¬�Ú�µ


ü�r�ó�p�w�����U�D�ó�p�K�“�z	)�”�U
ÿ�Q�”�h�Š � �{� ��
1�¤�É�ç�ª�” B � �w�>��
^�S�›	Í

�[�”�\�q�U�p�V�”�q�˜�T�”�{


¯ E.1: 40
� K �,��	Ý�6�Û�¿�³�ï�¬�Ú�µ
ü�r�ó�w 40Ca 
ª�$�°�‘��
Q

Thickness [mg=cm2] 50 100 150 800

Length in z [mm] 0:32 0:65 0:97 5:17

� M int
HYP (FWHM) [keV =c2] 770 770 770 770

� M Matrix( z)
o�set [keV=c2] 35 65 103 560

� M eloss
o�set [keV=c2] 70 130 200 700

� M convo [keV=c2] 770 775 780 980

� M (FWHM) [keV =c2] 960 960 1000 1360

* 1 Hall A �p�î�ª�U�'���^�•�o�M�” CREX �î�g�p�x�°�^ 800 mg=cm2 �w 40 Ca 
ª�$�U�–�;�^�•�”�'���p�K�”�{
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¯ E.2: �'
Ý�^�•�” 40
� K �,��	Ý�6�w	)�”

Thickness [mg=cm2] 50 100 150 800

Beam intensity [� A] 50 50 50 50

Cross section d�
d
 [nb=sr] 10 10 10 10

Yield NHYP [� 10� 5=s] 5:77 11:5 17:3 92:3

Yield NHYP [=100 hours] 20:8 41:5 62:3 332

� B � by 200 hours beam time 90 70 55 35
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